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Executive summary 

Project framework and objectives 

This is the final report of the project entitled “Study on sound level limits of M- and N-category 
vehicles”, which aims at reviewing and possibly updating the sound level limits for all M- and N-
category vehicles, taking into account the evolution of sound levels of approved vehicle types, the 
citizens’ needs, and the technical and economic feasibility. The project is executed under Specific 
Contract No. SI2.814873, Service Request 802/PP/GRO/IMA/19/1131/10761 under Framework 
Contract No. 688/PP/2018/FC, EC DG GROW. The consortium consisted of Laboratory of Applied 
Thermodynamics (LAT) (overall framework contract coordinator), EMISIA (technical coordinator and 
project manager),  Forschungsgesellschaft für Energietechnik und Verbrennungsmotoren (FEV), 
Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (TNO), and Heinz 
Steven Data Analysis and Consultancy (HSDAC). 

Currently, the sound level limits for M- and N-category vehicles are regulated in Annex III to 
Regulation (EU) No. 540/2014. The limit values of phase 2 are in force since July 2020 for all vehicle 
categories, except N2. The methods for measuring the sound emission levels are described in Annex 
II (and Annex VII for M1 and N1 vehicles) of Regulation (EU) No 540/2014 and are equivalent with 
those described in UNECE Regulation No 51.03. The equipment used for acoustic measurements 
should fulfil certain specifications and be properly calibrated. The surface of the test track, as well as 
the ambient conditions are measured and are taken into consideration during the testing procedure.  

Also, UNECE Regulation No 117 contains uniform provisions concerning the approval of tyres with 
regard to rolling sound emissions and to adhesion on wet surfaces and/or to rolling resistance, which 
are also included in Regulation (EC) No 661/2009 (General Safety Regulation) and the more recent 
Regulation (EU) 2019/2144 on the same subject, replacing the former. 

Table ES.1 summarizes the current status, which is Phase 2 limits of Regulation (EU) 540/2014 for 
all vehicle categories except N2. Also, the sound limits of phase 3 are presented, along with the 
corresponding time frame for implementation, which may change based on the outcome of the 
current study. 

Table ES.1: Current status 

 

The main objective of the current study is to obtain the technical background so as to review and 
possibly update (improve) the sound level limits for M- and N-category vehicles, for the next phases 
of Regulation (EU) No 540/2014. According to the initial requirements of the project, the conclusions 



and recommendations which are presented in this intermediate report, have been derived by 
investigating the following: 

 Understand the needs, demands, and requests of different groups of stakeholders directly 
involved in the implementation of new sound limits (industry, technical services and type 
approval authorities, market surveillance and enforcement authorities, etc.). Moreover, take 
into account the citizens’ needs and the opinion of the recipients of possible benefits from 
improved sound limits, such as noise abatement societies, local authorities, environmental 
organizations, etc. 

 Investigate the current state of the art of sound emission control technology, as well as the 
technical feasibility for the improvement of sound level performance. 

 Take into account the current situation and the evolution of sound levels of approved vehicle 
types by performing actual vehicle testing, so that sound emission measurements from 
vehicles with recent type-approval certificates are available. 

The main milestones of the project so far, presented in detail in this report, are the following: 

 Collection of data and opinions on current and (possible) new sound emission limits of M- and 
N-category vehicles, through a feedback gathering procedure with key national, technical and 
non-technical authorities, regional entities and associations. This has been achieved by 
disseminating two questionnaires to the interested parties, collecting and analysing the 
responses that have been received, and extracting the main findings and conclusions. 

 Collection and review of relevant literature sources such as relevant legislations, scientific and 
technical papers, reports, other Internet sources. Additionally, analysis of the KBA and RDW 
databases was performed along with the study of past sound limit proposals. 

 Sound emission measurement testing on vehicles with recent type-approval certificates, 
following the test procedures described in the corresponding Regulations (Regulation (EU) No. 
540/2014 for vehicle sound emissions testing and UNECE Regulation 117 for tyre noise 
measurements). Additional vehicle and tyre noise tests were performed, in order to better 
estimate the impact of lower sound limits to real-world conditions. 

Main findings from the feedback gathering and literature review 

In order to collect the views of main stakeholders related to the M- and N-category vehicles sound 
emission limits two types of questionnaires were created and disseminated to 266 individual entities, 
categorized as follows:  

 Social partners 

o Countries (i.e. ministries of foreign affairs, national permanent representations to the 
EU), cities (i.e. local authorities, municipalities, European cities networks), citizens (i.e. 
European consumer and other organizations) 

o Environmental organizations and institutes 

o Noise concerned associations 

 Industrial stakeholders 

o Manufacturers (individual and associations) 

 National (technical and non-technical) authorities 

o Technical services and type approval authorities 

o Departments of transport, market surveillance and enforcement authorities 

The first type of questionnaire was sent to social partners and contained questions of less technical 
nature which were focused on the possible environmental and health benefits of sound emissions 
reduction. The second type of questionnaire was aimed at technical entities and contained mostly 



 

questions that require specific technical knowledge related to sound emissions and limits, 
technological solutions and the testing procedure. 

In addition to directly contacting specific stakeholders, the questionnaire has been further ‘advertised’ 
and disseminated (i.e., as a news item in web sites) in order to attract more entities to fill it in. 

There were 67 replies in total, out of which, 66 completed questionnaires were received. The share 
of entities that replied to the questionnaire is shown in Figure ES.1 and Figure ES.2, for social 
partners and technical entities accordingly. The number of positive replies is considered satisfactory 
and the qualitative assessment of the positive replies ensures the representativeness of the 
responses, the validity of their technical content, and the adequate feedback gathering from a wide 
range of interested stakeholders. 

 

Figure ES.1: 20 filled in questionnaires received from social partners, organized into groups 

 

Figure ES.2: 46 filled in questionnaires received from technical entities, organized into groups 

The main findings from the analysis of the questionnaire responses, can be summarized as follows: 

1. Reducing sound emissions from M- and N-category vehicles in real traffic is expected to be a 
result of lowering the type approval sound emission limits along with additional measures related 



to better enforcement of the regulations in practice, anti-tampering measures and specific 
technical improvements in the testing procedures in order to be more representative of real-world 
driving conditions. 

2. The majority of social partners are in favour of a possible reduction in sound limits of M- and N-
category vehicles as a decrease of sound emissions is always desirable. It is expected that a 
possible reduction in sound emission level limits can have multiple environmental and health 
benefits. 

Technical entities and mainly manufacturers have significant concerns about lowering the sound 
emission limits, as this measure alone is not considered sufficient, if not combined with additional 
measures. Also, in some vehicle categories it is not considered feasible to reduce the sound 
emission level limits, because of technical limitations. 

Combining the findings from stakeholder survey and literature review, it is concluded that there is 
room for improvement (i.e. to achieve lower sound emission level limits). In particular, the analysis 
of the KBA and RDW databases for M- and N-category vehicles, which contain type approval values 
of recently type-approved vehicles, reveal that there are already vehicles type approved with lower 
sound emission values than the regulatory sound emission level limits and in some cases lower than 
future limit values (phase 3 limits of Regulation (EU) No 540/2014). 

Vehicle testing – sound measurements 

In order to establish current sound emission levels of state-of-the-art vehicles, representative of the 
main M- and N-categories, a measurement campaign has been carried out on a selection of vehicles 
covering various powertrain/driveline technologies currently available on the market and approved 
in accordance with the latest requirements. Specifically, the vehicles that have been tested are 
presented in Table ES.2. 



 

Table ES.2: Overview of tested vehicles 

 

The tested vehicles were rented for the needs of the project and tested unmodified. Levels of 
degradation were consistent with their respective mileage (no obvious degradations, or visual signs 
of excessive wear). The mounted tyre sets did not show visual signs of excessive dynamic driving 
and the additional new tested tyre sets were subjected to a short run-in phase. Each vehicle has 
been tested according to UNECE Regulation No 51. (R51.03) and, where applicable, Additional 



Sound Emission Provisions (ASEP), which are closer to the real driving behaviour, and tyre noise 
tests.  



 

1 Introduction 

1.1 General 
Excessive sound emissions are still considered an environmental and health problem in Europe, as 
they pose a high risk to human health and affect at least 100 million people1. Most of these people 
are exposed to sound levels above 55 dB Lden inside urban areas, which has been defined by the 
Environmental Noise Directive (END)2 as the day, evening, and night-level indicator to assess 
annoyance. Road traffic is the dominant source of sound emissions, especially in urban areas. As a 
result, excessive sound emission levels from road vehicles can be considered as being a major 
nuisance for many European cities and contributing in the degradation of quality of life. 

Moreover, it is scientifically proven that excessive sound levels (noise) may be harmful for health 
and are of equal environmental and health consequences as normal gaseous pollutants produced 
by road vehicles3. Several other studies4,5,6,7,8 have in particular shown the negative environmental 
and public health implications (e.g. sleep disturbance, annoyance, hypertension, high blood 
pressure) from road traffic (and environmental in general) noise. 

Considering that there are approximately 326 million M- and N-category vehicles circulating in EU9, 
sound levels from M- and N-category vehicles are regulated in order to control their sound emissions 
and contribute to the reduction of noise pollution. The type approval process certifies that the vehicle 
sound level is below permissible limits. Legislating on approval requirements of vehicles with respect 
to sound emissions affects industry, national authorities, and social partners. Cost effective type-
approval and conformity of production requirements, which are to be fulfilled by a new vehicle type 
before a manufacturer may place it on the Union market, are of paramount importance. 

The sound level limits for vehicle approval constitute also reference values for market surveillance, 
monitoring and legislation by the enforcement and national authorities, and for an effective regulation 
of the on-road vehicle fleet performance. Basically, this refers to the effectiveness of market 
surveillance, i.e., ensuring that vehicles placed on the market, and subsequently on the road, 
conform to the maximum sound emission limits and requirements. Secondly, and more importantly, 
it is to ensure that vehicles continue to comply with sound emission limits throughout their lifetime, 
during which deviations occur due either to malfunctions of OEM silencers or, more commonly, use 
of non-compliant replacement parts. Random (roadside) and scheduled (roadworthiness) vehicle 
tests are therefore capable of identifying deviations, as long as transparent and detailed information 
is available to monitoring authorities to check the vehicle compliance. 

Since the control of sound emissions from road vehicles is of such importance, limits in the related 
legislation need to represent the current (state of the art) sound levels, taking into account the 
evolution of approved vehicle types. According to Article 11 of the Regulation (EU) No 540/2014, the 
European Commission shall perform a study on the sound level limits of M- and N-category vehicles, 
complying with the latest requirements. Hence, the overall objective of this study is to obtain a 
technical basis that will help the Commission to propose sound emission level limits for such vehicles 

                                                      
1 Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the assessment and 
management of environmental noise (OJ L 189, 18.7.2002, p. 12–25). 
2 Managing exposure to noise in Europe, https://www.eea.europa.eu/themes/human/noise/sub-sections/noise-in-europe-
updated-population-exposure 
3 Kim, M., et al., 2012. Road Traffic Noise: Annoyance, Sleep Disturbance, and Public Health Implications. American 
Journal of Preventive Medicine, 43, pp. 353-360. 
4 Halonen, J. I., et al., 2017. Associations of night-time road traffic noise with carotid intima-media thickness and blood 
pressure: The Whitehall II and SABRE study cohorts. Environment International 98, pp. 54-61. 
5 Vougias, S, Natsinas, T., 1986. Correlation of vehicular noise to various traffic and geometrical characteristics in 
Thessaloniki, Greece. Applied Acoustics 19, pp. 421-432. 
6 Dickens, R., et al., 2014. Environmental Noise: Valuing impacts on: sleep disturbance, annoyance, hypertension, 
productivity and quiet. A report informed by the Interdepartmental Group on Costs and Benefits Noise Subject Group, 
Department for Environment Food & Rural Affairs, Nov. 2014. 
7 Paviotti, M., Vogiatzis, K., 2012. On the outdoor annoyance from scooter and motorbike noise in the urban environment. 
Science of the Total Environment, vol. 430, pp. 223-230. 
8 Fritschi, L., et al., 2011. Burden of disease from environmental noise - quantification of healthy life years lost in Europe. 
World Health Organisation, Regional Office for Europe, 2011. 
9 Sources: https://www.emisia.com/utilities/copert-data/ and EC Statistical Pocket Book 2018. 



at the next phases of sound emission level limits of the Regulation (EU) No 540/2014 in the coming 
years. 

 

1.2 Current state of play 
Currently, Regulation (EU) No 540/201410 regulates in Annex III the sound level limits of all M- and 
N-category vehicles for three different phases. Limit values of phase 2 are already in force (except 
for N2 vehicles) and phase 3 limits will be applicable from July 2024 (2026 for some vehicle types). 
In Article 11 of that Regulation, it is stated that a study on level limits should be carried out by 1st of 
July 2021 aiming at providing a technical basis that will help the Commission to review and possibly 
propose new (improved) limit values for the next phases. 

The methods for measuring the sound emission levels from M- and N-category vehicles are 
described in Annex II (and Annex VII for M1 and N1 vehicles) of Regulation (EU) No 540/2014 and 
are equivalent with those described in UNECE Regulation No 51.03 The equipment used for acoustic 
measurements should fulfil certain specifications and be properly calibrated. The surface 
specifications of the test track, as well as the ambient conditions are measured and are taken into 
consideration during the testing procedure. 

Vehicles’ sound emissions are measured by two methods, one in motion and one for the vehicle 
when stationary. Before each measurement, the engine is brought to its normal operating conditions, 
as specified by the manufacturer. 

Tests in motion are divided in acceleration test and constant speed test and according to Annex II of 
Regulation (EU) No 540/2014, are category specific with respect to test mass and driving conditions. 
For each test condition, at least four measurements are performed for each gear ratio that is valid 
for every testing condition and for each side of the vehicle. The results of each side are averaged 
separately and the highest of the two is considered the resulting value of the in-motion testing. For 
M1 and N1 vehicles, additional tests of the vehicle in motion have to be performed according to 
annex VII of Regulation (EU) No 540/2014 (ASEP testing). 

The measurement conditions for the vehicle when stationary depend on the number and location of 
the exhaust pipes. The testing procedure requires the engine speed to be gradually increased from 
idle to a targeted engine speed which is determined by the category and subcategory of the vehicle. 
The engine speed is held constant and then the throttle control is rapidly released, and the engine 
speed returns to idle. While the engine speed is constant, the sound level is measured for at least 
one second and then during the whole deceleration period. The maximum sound level measured is 
considered the test value. At least three measurements are performed for each position (in motion 
and stationary). The final result is determined by the maximum sound level from all measuring 
positions and from the three different measurements. 

Table 1 summarizes the current status regarding the sound level limits, which is described in 
Regulation (EU) No 540/2014, for all M- and N- category vehicles. 

Table 1: Current status – Regulation (EU) No. 540/2014. 

 Regulation (EU) No 540/2014 
 Limit values (dB(A)) 

Vehicle category 
 

Phase 1 
Applicable since 

1 July 2016 

Phase 2 
Applicable as 

from 1 July 
2022 

Phase 3 
Applicable 
as from 1 
July 2026 

M1 PMR ≤ 120 kW/t 72 70 68 

                                                      
10 Regulation (EU) No 540/2014 on the sound level of motor vehicles and of replacement silencing systems and amending 
Directive 2007/46/EC and repealing Directive 70/157/EEC (OJ L 158, 27.5.2014, p. 131). 



 

120 < PMR ≤160 
kW/t 73 71 69 

PMR > 160 kW/t 75 73 71 

PMR > 200 kW/t, # 
of seats≤4, R-point 

height<450 mm 
from the ground 

75 74 72 

M2 

M ≤ 2.5 t 72 70 69 
2.5 t < M ≤3.5 t 74 72 71 

3.5 t < M ≤ 5 t; Pn ≤ 
135 kW 75 73 72 

3.5 t <M ≤ 5 t; Pn > 
135 kW 75 74 72 

M3 

Pn ≤ 150 kW 76 74 73 (*) 
150 kW < P n≤ 250 

kW 78 77 76 (*) 

Pn > 250 kW 80 78 77 (*) 

N1 
M ≤ 2.5 t 72 71 69 
M > 2.5 t 74 73 71 

N2 
Pn ≤ 135 kW 77 75 (*) 74 (*) 
Pn > 135 kW 78 76 (*) 75 (*) 

N3 

Pn ≤ 150 kW 79 77 76 (*) 
150 kW < Pn ≤ 250 

kW 81 79 77 (*) 

Pn > 250 kW 82 81 79 (*) 

  
Above mentioned dates apply for the registration of new vehicles of 

the categories in this table. 
(*) + two years for new vehicle type and + one year for new vehicles 

registration. 

 

1.3 Scope and approach of the study 
With this study, the EC aims at obtaining the technical background so as to review and possibly 
update (improve) the sound level limits for M- and N-category vehicles, for the next phases of 
Regulation (EU) No 540/2014. Along with the technical feasibility, costs and benefits of possible new 
(improved) sound emission level limits need to be also estimated. In this context, it is important to 
assess the current and future state of play and the development of the relevant technology. In 
addition, a proper cost-benefit analysis must be carried out. A justified and documented proposal is 
therefore required, with an appropriate timeframe for the application of the possible new limits. The 
ultimate objective is to protect the environment and human health, by providing an improved sound 
level range for M- and N-category vehicles. 

In this framework, the study team first focused on understanding the current issues related to sound 
limits through a feedback gathering procedure, in order to take into account the citizens’ needs and 
opinions of interested stakeholders, and through a review of the relevant literature (legislation, 
scientific and technical papers and reports, type approval databases and other sources). The 
perception of people on how much M- and N-category vehicles contribute to the total traffic sound 
emissions in cities and quiet rural areas can formulate the basis for moving into reduced sound limits. 
Also, further to the vehicle manufacturers who are interested in the decision-making process and its 
outcome, the view of technical services, type approval, monitoring, and enforcement authorities, is 



necessary to evaluate the need for change of the regulatory framework. The results from the 
feedback gathering and literature review are used in the cost-benefit analysis model in order to 
conclude the feasibility of new lower limits. 

In defining new sound emission limit values, it is important that these represent the state of the art 
sound level and that the evolution of sound levels of approved vehicle types is sufficiently taken into 
account. In this respect, actual vehicle testing has been performed, so that sound measurements 
from vehicles with recent type-approval certificates are available. Vehicle tests have been conducted 
following the specifications of the corresponding regulation. Additionally, noise source ranking (NSR) 
testing has been conducted to identify the sound sources of the vehicle, which can be generally 
distinguished into exhaust, engine, intake and transmission. These tests can identify the contribution 
of each source to the overall sound level; hence, they can provide sufficient information to establish 
what is technically the possible magnitude of reduction and how this can be achieved, while providing 
an estimate of the cost involved for the technical implementation of the sound emissions reduction. 

 

1.4 Structure of the report 
Further to this introductory section, this report consists of the following sections: 

 Presentation and results of the feedback gathering procedure and the literature review. 

 Description of the vehicle testing and results. 

 Summary and next steps of the study. 

 A number of Annexes presenting details of the work performed within the project. 

 

  



 

2 Feedback gathering and literature 
review 

The first main objective of the study is to propose possible improved (lower) sound level limit values 
for all M- and N-category vehicles, taking into account the citizens’ needs and the opinions of 
interested stakeholders (with a feedback gathering procedure), and investigating the technical 
feasibility for the improvement of sound level performance. A proposal for lower limits requires the 
in-depth understanding of the wishes, demands, and requirements of the stakeholders involved in 
the direct implementation of the new limits. Moreover, the opinion of the recipients of possible 
benefits from improved sound level limits, such as concerned citizens, noise abatement societies 
and environmental organizations, must be taken into consideration. 

Another important aspect towards proposing new sound level limits is to thoroughly investigate the 
current state of the art sound emissions control technology, as well as the technical feasibility for the 
improvement of sound level performance. Hence, the availability, trend, and progress of technical 
capabilities to improve the sound emission performance of M- and N-category vehicles is reviewed. 

In order to address the requirement for a proposal estimate of lower sound level limits, the work has 
been separated in two complementary subtasks, namely, the feedback gathering and the literature 
review. 

The first subtask (feedback gathering) aims at collecting in a systematic way and organising the 
responses from various stakeholder groups, processing and analysing the received feedback, and 
coming up with useful conclusions and suggestions. This means that the evaluation of responses 
does not only involve the production of arithmetic averages of the answers, but also conclusions 
based on the level of completeness and the quality of responses received and the importance of the 
various issues. 

Lower sound level limits affect many different players in the field such as technical services and type 
approval authorities, market surveillance and enforcement authorities, social partners, industry and 
manufacturers. Technical services and type approval authorities are mostly related to the type 
approval testing procedure, while market surveillance and enforcement authorities are responsible 
for the effective regulation of the in-use vehicles and for making sure that vehicles placed on the 
market (and, subsequently, on the road) comply with sound level limits and, most importantly, 
ensuring that vehicles continue to comply with sound level limits throughout their lifetime. Social 
partners, such as concerned citizens, noise abatement societies, and environmental organisations, 
are usually focused on the negative effects of excessive sound emissions. Finally, the industrial 
stakeholders are directly involved in the implementation of possible new sound level limits. 

Gathering feedback from all the stakeholders mentioned above, improves the understanding of 
issues related to current limits and testing procedure, possible technical difficulties expected from 
the introduction of lower limits and cost/benefit (environmental and health) impacts. For example, the 
perception of people on how much these vehicles continue to be a nuisance in cities (and other 
areas) may formulate the basis for moving towards lower sound level limits. Also, the view of 
technical services, type approval, monitoring and enforcement authorities on the technical difficulties 
for achieving the current and (possibly) lower limits, is necessary to evaluate the need for change. 
In this feedback gathering procedure, the frequently contradicting interests of stakeholder groups 
needs to be handled in a balanced and productive manner. 

The second subtask (literature review) aims at thoroughly investigating the current state of the art 
sound level technology, as well as the technical feasibility for the improvement of sound level 
performance. Hence, the availability, tendency, and progress of technical capabilities to improve the 
sound performance of M- and N-category vehicles is reviewed. 

The outcomes of the two complementary subtasks (feedback gathering and literature review) are 
combined in order to come up with a proposal estimate for lower sound level limits. The ultimate 
objective is to establish well justified and documented expected sound levels for M- and N-category 



vehicles and an expected timeframe for the implementation of such limits. The proposal estimate is 
concluded with specific possible scenarios for lower limits to be examined by the CBA. 

The main outcomes of the feedback gathering and literature review are summarized as follows (and 
are described in detail in the subsequent paragraphs): 

 The questionnaires that has been used as the main tool for feedback gathering from the 
various stakeholders groups (see “Annex I: Questionnaire”). 

 The filled in questionnaires received along with the processing of the responses (see “Annex 
II: Filled in questionnaires received”). 

 Summary of conclusions from the feedback gathering (section 2.3). 

 Collection and review of literature sources and, especially, analysis and results from the KBA 
and RDW databases, sound limits of other road vehicles, and indicative levels of other sound 
sources (section 2.4). 

 First proposal estimate for lower sound emission level limits with specific possible scenarios 
to be examined by the CBA model (section 2.5). 

 

2.1 Organisation of the feedback gathering 
procedure 

The questionnaire for the feedback gathering 

For the purpose of this study, two separate questionnaires were created: one for technical entities 
and one for social partners. The questionnaire aimed at technical entities contained mostly questions 
that require specific technical knowledge related to sound emissions and limits, technological 
solutions and the testing procedure. On the other hand, the questionnaire designed for social 
partners contained mostly questions of less technical nature, related to the environmental and health 
benefits of sound emissions reduction. 

Table 2 and Table 3 summarize the main aspects of the questionnaires answered by social partners 
and technical entities accordingly. The complete versions of them are available at “Annex I: 
Questionnaires for the feedback gathering”. 

Table 2: Summary of the questionnaire for technical entities. 

 Questionnaire 

Target 
group 

 Industrial stakeholders: manufacturers, suppliers, distributors. 

 National authorities: technical services and type approval authorities, 
departments of transport, market surveillance and enforcement authorities. 

Focus on 
 Technical issues related to sound level limits: current technology used, 

technical differences related to sound control of different vehicle types, type 
approval testing procedure and conditions, estimate for possible new 
(improved) sound emission limits, issues related to ASEP. 

 Contribution of M- and N- category vehicle components to sound 
emissions: what is the main sound source, what is the contribution of each 
component (tyres, powertrain and transmission), more engineering insights on 
technological possibilities to reduce sound emissions. 

 Cost/benefit impact from a (possible) expected sound emissions 
reduction: costs associated with a possible introduction of new (improved) 



 

sound emission level limits, environmental benefits, improved citizens’ health, 
focus on urban and quiet rural areas. 

Structure  Section 1: Technical issues related to sound emission limits 

 Current status, Regulation (EU) No 540/2014 sound emission limits and 
Regulation (EU) No 117 approval of tyres with regard to rolling sound 
emissions) (6 questions) 

 Possibly improved (lower) M- and N-category vehicle sound emission 
limits (4 questions) 

 Sound emissions from tyres (3 questions) 

 Additional sound emission provisions (ASEP) (4 questions) 

 Section 2: Contribution of M- and N-category vehicle components to sound 
emissions (5 questions) 

 Section 3: Cost/benefit impact from a (possible) expected sound emissions 
reduction 

 New vehicles (3 questions) 

 Existing fleet (2 questions) 

 Other: Comments, references, contact info (3 questions) 

Table 3: Summary of the questionnaire for social partners. 

 Questionnaire 

Target 
group 

 Social partners: countries, cities, citizens, motorcycle and noise concerned 
associations, environmental organizations and institutes. 

Focus on  Environmental and health impacts: effects of excessive sound emission levels 
(noise) from cars, vans, trucks and buses on the environment and on citizens’ 
health and quality of life. 
 Suggestions for improvement of sound emission performance: contribution 

of M- and N-category vehicle components to sound emissions (tyres, 
powertrain, transmission, exhaust silencer), possibilities to reduce sound 
emissions, market surveillance and enforcement. 

Structure  Section 1: Environmental and health impacts of sound emissions from M- and 
N-category vehicles (8 questions) 

 Section 2: Suggestions for improvement of sound emission performance (5 
questions) 

 Other: Comments, references, contact info (3 questions) 

 

At the beginning of the questionnaire, before the questions part, there is some background 
information on the project and on the objectives of the questionnaire itself, as well as short guidelines 
for filling it in. In the case of the questionnaire for technical entities the questions are grouped into 3 
sections: i) technical issues related to sound emission limits, ii) contribution of M- and N-category 



vehicle components to sound emissions, and iii) cost/benefit impact from a (possible) expected 
sound emissions reduction. The questions are grouped into 2 sections in the case of the 
questionnaire for social partners: i) environmental and health impacts and ii) suggestions for 
improvement of sound emission performance.  

Contacted stakeholders and further dissemination of questionnaire 

The main action in order to gather feedback was to directly send the questionnaire to a list of 266 
individual entities, organized as follows: 

 Social partners 

o Countries (i.e. ministries of foreign affairs, national permanent representations to the 
EU), cities (i.e. local authorities, municipalities, European cities networks), citizens (i.e. 
European consumer and other organizations) 

o Environmental organizations and institutes 

o Noise concerned associations 

 Industrial stakeholders 

o Manufacturers (individual and associations) 

 National (technical and non-technical) authorities 

o Technical services and type approval authorities 

o Departments of transport, market surveillance and enforcement authorities 

The above list of stakeholders has been mainly created in the framework of previous related projects: 
“Study on the technical progress of Conformity of Production for replacement silencing system as a 
separate technical unit”, “Study to prepare the adaptation to technical progress of EU requirements 
on silencing systems containing acoustically absorbing fibrous materials for vehicle categories M1, 
M2, M3, N1, N2 and N3” and other two projects that were related to sound emissions of L-category 
vehicles: “Study on Euro 5 sound level limits of L-category vehicles”, “Study on enhanced sound 
requirements for mopeds, quads and replacement silencers of L-category vehicles”, and has been 
enriched during the course of the current study. All stakeholders were invited by e-mail to fill in the 
corresponding electronic version of the questionnaire (questionnaire for social partners or 
questionnaire for technical entities), specifically created for the needs of the current study. Indicative 
screenshots of this electronic version are shown in Figure 1. In order to receive more extensive 
feedback, the time period that the electronic questionnaire was available online was extended and 
all stakeholders were notified via e-mail for the extension. 

 



 

 

 



 

Figure 1: Indicative screenshots of the electronic version of the questionnaires. 

In addition to directly contacting (by e-mail) the list of stakeholders, the questionnaire has been 
further ‘advertised’ and disseminated (i.e., as a news item in web sites, etc.) in order to attract more 
entities to fill it in. Specifically, the questionnaire has been placed as a news item in: 

 EC DG GROW web site (here). 

 EMISIA web site (here). 

Finally, the questionnaires have been sent to the participants of the 70th GRBP (September 2019). 
The complete list of contacted stakeholders is provided in Table 4. 

Table 4: List of stakeholders that the questionnaires have been sent to. 

Industry and manufacturers 

Accell Group (NL) 

ACEA - The Automotive Industry in Europe 

ACEM - The Motorcycle Industry in Europe 

AECC - Association of Catalyst Manufacturers 

AFCAR: Alliance for the Freedom of Car Repair in the EU 

Akrapovič (SI) 

ALLIED Group, Inc. 

ANCMA Confindustria (Italian National Association of Motorcycle and Motorcycle Parts Manufacturers) 

ANFAC- Spanish Association of Automobile Manufacturers 

ANFIA - Italian Association of the Automobile Industry 

Arrow Special Parts S.p.A. (IT) 

ASMET Exhaust Systems (PL) 

ASPO Exhaust Systems Ltd (BG) 

ATVEA - All Terrain Vehicle Industry European Association 

Bastuck & Co GmbH (DE) 

Be Star 

Benson automotive exhausts (UK) 



 

BENTELER International AG 

BIL Sweden-Swedish Association of Automobile Manufacturers and Importers 

BMW 

Bosal (BE) - Bosal Emission Control Systems 

BOSCH (DE) 

Bridgestone Americas, inc. 

Bridgestone EU 

BTB Exhausts 

CAAM - China Association of Automobile Manufacturers 

CCFA- French Automobile Manufacturers' Association 

CECRA - European Council for Motor Trades and Repairs (member of AFCAR) 

Central Scientific Research Automobile and Automotive Engines Institute (NAMI) 

CLEPA - The European Association of Automotive Suppliers 

CONEBI – Confederation of the European Bicycle Industries 

Continental 

Culimeta Automotive 

Daimler 

DBW Advanced Fiber Technologies GmbH 

Dinex - Exhaust & Emission System Manufacturer 

Eberspächer Exhaust Technology GmbH  

Eisenmann exhaust systems (DE) 

EQUAL - European Quadricycle League 

ERNST-Apparatebau GmbH (DE) 

ERTICO - Intelligent Transport Systems - Europe 

ETRTO - The European Tyre and Rim Technical Organisation 

EUCAR - European Council for Automotive R&D 

Faurecia Clean Mobility 

FAW 

FEBIAC-Belgian Federation of Automobile and Motorcycle Industries 

Fennosteel  

Fiat Chrysler Automobiles 

FIGIEFA - Automotive Aftermarket Distributors (member of AFCAR) 

Ford Werke GmbH 

Friedrich Boysen GmbH (DE) 

General Motors 

Goodyear 

GREWUS Acoustic Products 

HINO motors 

HJS emission technology 

Honda  

Honda Motor Europe Ltd 

Hyundai & Kia Motor Europe Engineering 

IMASAF (IT) 

IMMA - International Motorcycle Manufacturers Association 

Instytut Transportu Samochodowego, Motor Transport Institute 

International Organization of Motor Vehicle Manufacturers (OICA) 

Kawasaki Motors Europe 

KHI - Kawasaki Heavy Industries 

Klarius Products (UK) 

KRAIBURG Relastec GmbH & Co. KG 

Lafranconi Silenziatori (IT) 

LeoVince (IT) 

Magneti Marelli Exhaust Systems (IT) 

MAPCO (DE) 

Maruti Suzuki 

MATTHIES - Johannes J. Matthies GmbH & Co. KG & AFCAR 

MAXXIS 

MECA - Manufacturers of Emission Controls Association 



Michelin  

MIVV (IT) 

MTS S.p.A (IT) 

Nissan motor corporation 

Nokian Tyres 

NSG Nakagawa/Sauer GmbH (DE) 

Owens Corning (Silentex continuous glass fiber noise control system) 

PEBSSA S.A (GR) 

Piaggio & C. SpA 

Pirelli Tyre SpA 

POLMOstrów (PL) 

Porsche AG 

PSA Groupe 

RAI Vereniging (NL) - Rijwiel & Automobiel Industrie 

REMUS Innovation GmbH 

Renault  

Scania AB  

SEBRING (AT) 

SGMW 

SIAM - Society of Indian Automobile Manufacturers 

SMMT (UK) -Society of Motor Manufacturers and Traders  

Termignoni (IT) 

Toyota Europe 

Truckmax -Manufacturers of Stainless Steel Exhaust Systems 

Vanstar-Advanced technical solutions for exhaust systems 

VDA- German Association of the Automotive Industry 

Volvo Group Truck Technology 

Walker Exhaust Systems (Dk) 

Yamaha Motor Europe, branche Nederland 

Yoshimura (JP) 

Technical services, type approval authorities and automotive associations 

ARAI - Automotive Research Association of India 

American National Standards Institute & ANSI- U.S. Tire Manifacturers Association (USTMA) 

Applus 

Applus + IDIADA 

Association of European Wheel Manufacturers (EUWA) 

AT: TÜV Austria Automotive GmbH 

ATS - Automotive Technical Service 

Automotive Research Association of India 

Automotive Tyre Manufacturers’ Association (ATMA) 
BE: Service Publique de Wallonie (SPW) - Direction générale opérationnelle de la Mobilité des voies hydrauliques 
Direction Certification et Homologation 
BG: Executive Agency Road Transport Administration 

BG: Technical Control Inspectorate (KTI) 

CH: Swiss Federal Department of the Environment, Transport, Energy and Communications DETEC - Federal Roads Office - Road 
Traffic Division - Vehicles 
China Automotive Technology and Research Center Co. Ltd. 

CN: CNMTC - China National Motorcycle Testing Center 
CN: SMVIC - Shanghai Motor Vehicle Inspection Center (secretariat of Motorcycle Branch of Chinese National Technical Committee 
of Auto Standardization) 
CZ: Ministry of Transport 

DE: TÜV NORD Mobilität GmbH 

DE  TÜV Rheinland Kraftfahrt GmbH 

DE: TÜV SÜD Auto Service GmbH 

DE: DEKRA 

DE: FAKT-GmbH Kraftfahrtechnisches Prüf- und Ingenieurzentrum 

DE: Federal Motor Transport Authority (KBA) 

DE: GTÜ 

DE: SGS-TÜV SAAR GmbH 

Department of Transportation, National Highway Traffic Safety Administration 

DK: Danish Road Safety Agency 



 

DK: Danish Transport Authority 

ES: Applus + IDIADA (Design, engineering, testing and homologation services to the automotive industry) 

ES: LCOE Barcelona (Laboratorio Central Oficial de Electrotecnia - Vehicles Approval) 

European Automobile Manufacturers Association 

European Tyre and Rim Technical Organisation (ETRTO) 

EuropeanTyreandRimTechnicalOrganisation (ETRTO) 

Federal Road Office Switzerland 

FFII 

FI: Finnish Transport Safety Agency 

FIA - Federation Internationale de l' Automobile (member of AFCAR) 

FR: Ministère de l'écologie, du développement durable et de l'énergie 

FR: National Vehicle Reception Center (CNRV) 

FR: UTAC CERAM 

HU: KTI - Institute for Transport Sciences 

HU: TÜV Rheinland InterCert Kft. 

Indian Rubber Manufacturers Research Association 

International Motorcycle Manufacturers Association (IMMA) 

ISO: International Organization for Standardization  

IT: MIT - Ministero delle Infrastrutture e dei Trasporti 

Japan Automobile Standards Internalization Center 

Japan Automobile Tyre Manufacturers Association, Inc. (JATMA) 

JASIC - Japan Automobile Standards Internationalization Center 

Japan automobile manufacturers association inc (JAMA) 

JP: Japan Automobile Standards Internationalization Center (JASIC) 

Korea Transportation Safety Authority 

KTI Institute for Transport Sciences Non-profit Ltd 

LT: State Road Transport Inspectorate under the Ministry of Transport and Communications 

Ministry of the Enviroment, Government of Japan 

Nation Automobile Quality Supervision and Test Center (NAST) 

National regulator for compulsory specifications 

National Traffic Safety and Enviroment Laboratory (NTSEL) 

Norwegian Public Roads Administration 

RDW, The Netherlands Vehicle Authority 

RO: Romanian Automotive Register 

Rubber technology and testing institute (IGTT) 

SATR Fund 

SE: Road Traffic Department 

SE: Swedish Transport Agency /Transportstyrelsen 

SE: Transportstyrelsen 

Shanghai Motor Vehicle Inspection Certification & Tech Innovation Center Co., Ltd. (SMVIC) 

SINTEF  

Society of Motor Manufacturers and Traders (SMMT) 

Swedish Transport Agency 

The Alpha Lab 

Tianjin University 

TR: Türk Standartlari Enstitüsü (TSE) 

TRAFICOM 

Triangle Tire 

TÜV SÜD 

UK: Millbrook Proving Ground Ltd 

UNECE Parties to the 1958 Agreement (pp. 49, 82, 104, 133, 335-388) 

UNECE Working Party on Noise (GRB) 

US Tire manufacturers association 

VCA - The UK Vehicle Type Approval authority 

Departments of transport, market surveillance and enforcement authorities 

Alexis Tsalas - European Commission -  Principal Administrator LIFE programme 

AT: Ministry for Transport, Innovation and Technology 

BE: Federal Public Service Mobility and Transport 

BEUC - The European Consumer Organisation 

CH: FOEN (Federal Office for the Environment - Topic Noise) 

City of Rotterdam (DCMR/EPA Rijnmond region) 



City of Utrecht (NL) 

Climate Change office, Ministry of Land, Infastructure, Transport and Tourism, Japan 

CY: Ministry of Transport, Communications and Works (Department of Road Transport & Department of Public Works) 

DE: Anonymous1 

DE: Federal Ministry of Transport, Building and Urban Development 

DE: Ministry of Transport Baden-Württemberg 

Department for Transport (DfT) 

DG MOVE 

ENV 

ES: MINETUR - Ministerio de Industria, Energía y Turismo, Subdirección General de Calidad y Seguridad Industrial 

EUROCITIES - Network of major European cities 

Federal Ministry of Transport and Digital Infrastructure 

FI: Ministry of Transport and Communications 

FR: Ministère de la Transition écologique et solidaire 

GR: Ministry of Infrastructure, Transport and Networks 

GR: Permanent Representation of Greece to the European Union 

GR: Traffic Police Departments in Thessaloniki 

GROW 

IE: Road Safety Authority 

INEA 

Insurance Europe - The European insurance and reinsurance federation 

Italian Ministry of Infrastructure and Transport 

LI: Mission of Liechtenstein - Embassy of Liechtenstein in Brussels 

LU: SNCH - Société Nationale de Certification et d'Homologation 

LV: CSDD - Road Traffic Safety Directorate 

Ministère de la Transition écologique et solidaire 

MT: Malta Competition and Consumer Affairs Authority 

NL: RDW 

NO: Mission of Norway - The Norwegian Mission to the EU 

NO: Norwegian Public Roads Administration 

PL: ITS - Motor Transport Institute 

PL: TDT - Transportation Technical Supervision 

POLIS - European Cities and Regions Networking for Innovative Transport Solutions 

PT: IMT - Mobility and Transport Institute, I.P. 

RU: MINISTRY OF TRANSPORT OF THE RUSSIAN FEDERATION 

SE: Swedish Transport Administration 

SK: Ministry of Transport, Construction and Regional Development 

The Hague (NL) 

TISPOL - European Traffic Police Network (Federale Wegpolitie Belgium) 

TR: Ministry of Science, Industry and Technology 

UK: Department for Transport 

Universidad Politecnica de Madrid 

Countries, cities, citizens 

Ajuntament de Barcelona / Gerència d’Ecologia, Urbanisme i Mobilitat / Direcció d’Energia i Qualitat Ambiental / Dept.de Reducció de 
la Contaminació Acústica (ES) 
ANEC - The European Consumer Voice in Standardisation 

BG: Mission of Bulgaria - Permanent Representation Of Republic Of Bulgaria To The EU 

BKK - Centre for Budapest Transport (HU) 

CEA - The European Insurance and Reinsurance Federation 

CEMR - Council of European Municipalities and Regions 

City of Rotterdam (DCMR/EPA Rijnmond region) 

City of Utrecht (NL) 

CZ: Ministry of Foreign Affairs of the Czech Republic 

DK: Ministry of Foreign Affairs of Denmark 

EE: Ministry of Foreign Affairs - Ministry of Economic Affairs and Communications 

EUROCITIES - Network of major European cities 

FEVR - European Federation of Road Traffic Victims 

FI: Ministry for Foreign Affairs of Finland 

FYROM: Mission of FYROM 

GR: Permanent Representation of Greece to the European Union 
Hamburg (DE) Ministry of Environment and Energy - Directorate-General for Emmission Protection and Industrial Plants - 
Department for Noise Abatement 



 

HR: Mission of Croatia - Permanent Representation of the Republic of Croatia to the EU 

IE: Permanent Representation of Ireland to the European Union 

IS: Mission of Iceland - Embassy of Iceland in Brussels 

LT: Ministry for Foreign Affairs - Permanent Representation of Lithuania to the European Union 

Madrid Acoustic Center (ES) 

MAIRIE DE PARIS / DEVE / AEU / Pôle Bruit (FR) 

ME: Mission of Montenegro 

MT: Permanent Representation of Malta to the EU (Malta EPA - Environment and Planning Authority) 

NO: Mission of Norway - The Norwegian Mission to the EU 

POLIS - European Cities and Regions Networking for Innovative Transport Solutions 

PT: Portuguese Permanent Representation to the European Union 

RO: Permanent Representation of Romania to the EU 

RS: Mission of Serbia 

SE: Permanent Representation of Sweden to the EU 

SI: Permanent Representation of Slovenia to the EU 

Tallinn Transport Department (EE) 

The Hague (NL) 

TR: Mission of Turkey 

Transport Research Centre Brno (CZ) 

Noise concerned associations 

ALD (DE) - Arbeitsring Laerm der DEGA (Deutsche Gesellschaft für Akustik e.V.) 

Anwohnerinitiative gegen Verkehrslärm in Hattingen 

EHIMA - European Hearing Instrument Manufacturers Association 

FIA - Federation Internationale de l' Automobile (member of AFCAR) 

MOTORRADLAERM.DE - BUND für Umwelt und Naturschutz Deutschland 

Noise Abatement Society 

Norwegian Association against Noise 

NSG (NL) - Nederlandse Stichting Geluidshinder 

Stichting Innonoise (NL) 

UK Noise Association 

UKISC - United Kingdom and Ireland Soundscape Community 

Environmental organizations and institutes 

AVERE - European Association for Battery, Hybrid and Fuel Cell Electric Vehicles 

ECORYS - European Research and Consultancy Company 

EEA - European Environment Agency 

EEB - European Environmental Bureau 

ETSC - European Transport Safety Council 

IANGV - International Association for Natural Gas Vehicles 

ICCT - International Council on Clean Transportation 

IFEU - Institute for Energy and Environmental Research Heidelberg GmbH 

INTA (ES) - National Institute for Aerospace Technology 

KU Leuven - Katholieke Universiteit Leuven 

RIVM (NL) - National Institute for Public Health and the Environment 

T&E - Transport & Environment 

UBA (DE) - Federal Environment Agency 

UniFI - Universita degli Studi de Firenze 

VDE - Association for Electrical, Electronic & Information Technologies 

VUB - Vrije Universiteit Brussel 

 

Figure 2 summarizes the groups of stakeholders that the questionnaires have been sent to, by 
showing the number (and corresponding percentage) of the entities that have been contacted, 
organised into groups as discussed above. Social partners are represented with blue and technical 
entities with green. 



 

Figure 2: Contacted stakeholders (organized into groups). 

 

Collection of responses – first qualitative assessment 

In total, there were 67 replies to our request for answering the questionnaire, which are analysed as 
follows: 

 66 positive replies (filled in questionnaires). 

 1 negative reply. 

The number of positive replies can be considered as very satisfactory and the qualitative assessment 
of the positive replies ensures the representativeness of responses, the validity of their technical 
content, and the adequate feedback gathering from a wide range of interested stakeholders. 

More specifically, Figure 3 shows the split of positive replies (filled in questionnaires) from technical 
entities, organized into groups as discussed in 2.1. According to this split, there are 16 replies from 
industrial stakeholders, 10 from technical and type approval services, 5 from departments of 
transport and 15 anonymous. Again, anonymous respondents are stakeholders that did not mention 
their name or affiliation and thus cannot be categorized in a more specific group of respondents. 

 



 

 

Figure 3: 46 filled in questionnaires received from technical entities, organized into groups. 

 

In Figure 4 the split of positive replies (filled in questionnaires) from social partners is shown, 
organised into groups as discussed in subsection 0. According to this split, there are 7 replies from 
environmental organisations and institutes, 1 from the industry, 1 from a citizen, 2 from noise 
concerned associations and 15 anonymous. Anonymous respondents are stakeholders that did not 
mention their name or affiliation and thus cannot be categorized into a more specific group of 
respondents. 

 

Figure 4: 20 filled in questionnaires received from social partners, organized into groups. 

In general, the questionnaire has been filled in by a wide range of stakeholders, in different and non-
overlapping fields, i.e., national authorities (technical services, type approval authorities, transport 
departments, market surveillance and enforcement authorities), industry and manufacturers, cities 
and regions, and various organizations. The fact that 46 out of 66 responses are from ‘technical’ 
entities, enhances the validity of results regarding their technical content. On the other hand, the 
social partners showed their interest in this feedback gathering procedure and did not ignore the 



questionnaire; this indeed shows the continuous interest and necessity to further decrease the cases 
of excessive sound emissions. 

The 46 technical entities that provided a positive response are summarized as follows: 

 Industry & manufacturers: 

o AUDI AG 

o Suzuki, Automobile Performance Development Department 

o BMW AG 

o Bugatti Engineering GmbH 

o DAF Trucks NV 

o Faurecia Clean Mobility 

o FCA Italy SpA 

o MAN Truck & Bus SE 

o PORSCHE AG 

o Renault group 

o Schaeffler Technologies AG &Co. KG 

o VDA (German Car Industry Association) 

o Vitesco Technologies 

o Volvo Cars 

o Volvo Technology 

o 1 stakeholder requested that the responses should be treated as confidential and not 
attributed to the respondent or his/her affiliation 

 Technical services, type approval authorities and automotive associations: 

o ACEA (European Automotive Manufacturers Association) 

o AUTOMOTIVE RESEARCH ASSOCIATION OF INDIA 

o CCFA 

o M+P 

o European Tyre and Rim Technical Organization (ETRTO) 

o European Tyre and Rubber Manufacturers' Association (ETRMA) 

o Technical Service of Noise Approvals (Spain) 

o The Japan Automobile Tyre Manufacturers Association, Inc. 

o The Scandinavian Tire & Rim Organization 

o WDK - Wirtschaftsverband der deutschen Kautschukindustrie e.V. 

 Depts. of transport, market surveillance & enforcement authorities: 

o Austrian Ministry for Transport, Innovation and Technology 

o Ministry for ecological and solidary transition, France 

o Ministry of Transport - Division of international technical rules, Italy 

o National Institute for Public Health and the Environment, Netherlands (RIVM) 

o Federal Ministry of Transport and Digital Infrastructure, Germany 

 Anonymous responses  



 

o 15 anonymous responses 

The 20 social partners that provided a positive response are summarized as follows: 

 Countries, cities, citizens 

o Citizen in Germany 

 Environmental organizations and institutes 

o BRUITPARIF 

o Gremi de Tallers Barcelona 

o Arbeitsring Lärm der DEGA 

o Umweltbundesamt 

o National Institute for Public Health and the Environment, Netherlands (RIVM) 

o Julius Kühn Institute 

o UniFI - Universita degli Studi de Firenze 

 Industry 

o Dirk Volkenborn 

 Noise concerned associations 

o FEMA 

o BUND - Arbeitskreis Verkehrslärm 

 Anonymous responses 

o 9 anonymous responses 

 

All 66 filled in questionnaires are available at “Annex II: Filled in questionnaires received” organized 
in two separate excel files (one for responses from technical entities and one from social partners). 
Additionally, one stakeholder, Norwegian public roads administration, sent feedback via e-mail, 
without filling in the questionnaire. This email is also in Annex II. An indicative screenshot of the 
feedback gathering process summary is given in Figure 5. 

 

Figure 5: Indicative screenshot of the feedback gathering process summary. 

 

2.2 Processing of questionnaires and analysis of 
responses 



General approach and organization 

All answers have been transferred initially to a single excel workbook in an organised manner, one 
below the other (see “Annex II: Filled in questionnaires received”); as a result, all answers are 
gathered together in this workbook. One worksheet has been created for each question. Figure 6 
shows an indicative screenshot of a filled in question from all the respondents, transferred in excel 
for further processing. 

This organisational approach has the advantage that one can select a specific question and have an 
overview of all answers to it. This arrangement of questions assists in the further processing, e.g., 
calculation of percentages and creation of pie charts, extraction of main findings and conclusions, 
etc. 

 

Figure 6: Example of answers to Q1 in the questionnaire aimed at social partners. 

 

Analysis of responses and main findings 

By analysing the responses received, the main findings are concluded and are described in detail in 
this section and are also available at “Annex II: Filled in questionnaires received”, worksheets “Q1” 
to “Q16” in the case of the questionnaire aimed at social partners and worksheets “Q1” to “Q32” in 
the case of the questionnaire aimed at technical entities. 

It should be noted that charts are provided only for questions for which an indicative list of pre-defined 
answers were given in the questionnaire (e.g., Yes/No/Partially, etc.). For the remaining questions 
(e.g., those without pre-defined answers), the (text) replies were quite diverse; hence, charts were 
not considered appropriate for them. In any case, it is acknowledged that all responses have been 
taken into consideration and are presented in the paragraphs below; the main conclusions from the 
feedback gathering are summarised in section 2.3. 

The responses are presented as shown in the category list below: 

Questionnaire for social partners 

 Environmental and health impacts of sound emissions from M- and N-category vehicles: Q1 
to Q8.  

 Suggestions for improvement of sound emission performance, Q9 to Q13. 

 References and other points, Q14 and Q15. 

 Personal and institutional information, Q16. 

Questionnaire for technical entities 



 

 Technical issues related to sound level limits: 

o Current status, Q1 to Q6. 

o Possibly improved (lower) M- and N-category vehicle sound emission limits, Q7 to Q10. 

o Sound emissions from tyres, Q11 to Q13. 

o Additional sound emission provisions (ASEP) Q14 to Q17. 

 Contribution of M- and N-category vehicle components to sound emissions, Q18 to Q22. 

 Cost/benefit impact from a (possible) expected sound emissions reduction: 

o New vehicles, Q23 to Q25. 

o Existing fleet, Q26 to Q27. 

 References and other points, Q28 to Q29. 

 Personal and institutional information, Q30. 

 

  



 

Questionnaire aimed at technical entities 

Technical issues related to sound level limits 

Current status  
(Regulation (EU) No 540/2014 sound emission limits and Regulation (EU) No 117 approval of 
tyres with regard to rolling sound emissions) 

Q1. “Do you believe that current sound emission limits are easily achievable with existing technology 
for each one of the following categories?” 

Q2. “According to your opinion, is there one (or more) M- or N-category vehicle type(s) for which 
achieving the current sound limits is difficult due to technical complications? If yes, which one(s)? 

 

 

  

Q1-Q2 replies summary: 

Limits of phase 1 and phase 2 of UNECE Regulation No 51 are considered achievable with existing 
sound control technology for most vehicle categories. Some difficulties are expected with certain 
vehicle categories.  

More specifically, regarding M1 vehicles, a further sound limit reduction is expected to make tyre 
rolling sound more dominant. Also, it is highlighted that electric vehicles tend to be heavier and 
thus equipped with tyres with higher load index, which tend to be noisier. According to the participants 
of the survey, tyres with a good balance between environmental (noise, wear life with particles, fuel 
consumption) and safety performances (wet grip, aquaplanning, braking) are not widely available at 
the moment.  

Additionally, it is considered hard to equip budget cars (low PMR), with noise control technologies 
because of the additional cost from implementing sound control technologies. Finally, it is considered 
difficult to achieve the current sound limits for sport cars, equipped with wider tyres (C1E). 

Difficulties in reaching limits of phase 3 are expected for N3 vehicles with Pn < 250 kW and for all 
heavy trucks built for carrying heavy loads, designed for almost off-road conditions, but with the ability 
to drive on normal roads, between sites. 



 

Q1 charts: 

Do you believe that current sound emission limits are easily achievable with existing 
technology for each one of the following categories? 

 

 

 

 

 



 

Q2 charts: 

 

 

 

Indicative replies to Q1 (original text): 

  Stage 1 and Stage 2 limits of UN R51.03 are achievable with existing technology. The 
achievability is different for subcategories. Industry's capacity for vehicle exterior noise and tyre 
noise development had to be increased substantially. For a further limit reduction new technologies 
are needed, in particular for tyres, because almost all passenger cars have a high or even 
dominant amount of tyre rolling sound contribution to the vehicle's sound emission. Trade-offs 
exist between tyre noise and other relevant tyre aspects (safety, fuel consumption, wear). The 
planned limit values are difficult to achieve for some vehicle categories. [VDA (German Car Industry 
Association)] 

 Stage 1 &2 are achievable. Stage 3 will require further modifications, especially N3 < 250kW due 
to its lower limits. [DAF Trucks NV] 

 For M1/N1 vehicles, a majority of exhaust systems consist of passive noise reduction 
components only, while a minority of exhaust systems include active noise reduction components, 
such as electric actuated valves. However, active noise cancellation systems - for lowering the 
noise emission - have not been implemented (yet). That leads to the conclusion that conventional 
(passive) technologies are sufficient for complying with the current phase 2 limits (to be confirmed 
with the limit reduction at phase 3). [Faurecia Clean Mobility] 



 

 

 

Indicative replies to Q2 (original text): 

From those who answered “Yes” 

   Electrified vehicles: due to increased weight larger tyres are required, larger tyres with higher 
inflation pressure tend to produce higher noise levels, implementation phase 3 cannot be achieved 
[BMW AG] 

   Achieving the current limit values is already very challenging even for EV.  For Phase 3, the 
main contributor is the tyre/road interaction. Currently no 'mass production' tyre available with a 
good compromise between environmental (noise, wear life with particles, fuel consumption) and 
safety performances (wet grip, aquaplaning, braking ...).  For LCV special use, achieving limit 
values becomes really difficult. Current technical solutions as wheels arch liners and under cover 
shield are possible but with impact on the mass of the vehicles, bad for consumption. [Renault 
group] 

    Budget cars which are demanded by customers for economic reasons, can't be equipped with 
expensive anti-noise packages.  (2) EV and HEV with high mass in running order for which tires are 
larger. [FCA Italy SpA] 

   The limits of EU (REG) 540/2014 are in a range, which can only be achieved by very small tyres, 
or tyres with restricted performances. There is almost no space for power train contributions. From 
this point of view, Stage 3 limits impose a great difficulty to bigger electric vehicle because of their 
big tyres and need for higher load indices.  
For Stage 3, the main contributor is the tyre/road interaction. Currently no 'mass production' tyre 
available with a good compromise between environmental (noise, wear life with particles, fuel 
consumption) and safety performances (wet grip, aquaplaning, braking ...). [ACEA (European 
Automotive Manufacturers Association)] 

From those who answered “No” 

   The answer is only valid for all categories, if 70/157/EEC are the valid Limits. See also answer 
No. 1. [Bernd Schüttler, Federal Ministry of Transport and Digital Infrastructure, Germany] 

   The difficulty applies to all categories. [Anonymous respondent] 

 

  



Q3. “Do you believe that there are differences in the kind of the current technological solutions used 
for achieving the sound level limits of the different M- and N-categories, as mentioned in Q1?” 

Q4. “If you answered “Yes” in Q3, do you believe that the differences in the technological solutions 
used for the various M- and N-category vehicle types are due to (multiple positive replies are 
possible): 

 different sound emission limits. 

 different size of the engine. 

 different engine speed (rpm). 

 different powertrain and drivetrain topology 

 different silencer implementation 

 other reasons (please specify).” 

Q5. “Could you please shortly describe what is the current (state-of-the-art) technological solutions 
used for achieving the sound level limits per vehicle type, as mentioned in Q1? For example, 
expansion chambers in silencers, ECUs, shielding, intake/exhaust design, engine design and 
optimisation for noise and vibration, gearing regime and engine speed. Please specify:” 



 

 

 

 

 

 

 

 

 

 

 

Q3 chart: 

Q3-Q4-Q5 replies summary: 

Technical solutions for sound emissions reduction vary between the different vehicle categories and 
according to the customers’ expectations in terms of affordability, usability and safety. They are 
established based on the observation of the market.  

Stakeholders provided an extensive list of available technologies used for sound emission control. 
Most of the technologies mentioned are used in multiple vehicle categories and thus are presented 
in a single list. 

• Optimised vehicle geometry (aerodynamics) 

• ECU calibration for combustion noise shaping 

• Engine encapsulation (shielding) 

• Engine and under body shielding 

• Optimised engine and gearbox design in order to avoid resonances in the mechanical 
structure 

• Passive measures in engine bay 

• Acoustic and thermal damping in exhaust system 

• Multi-mode exhaust design 

• Use of passive flaps in exhaust 

• Absorptive materials and exhaust valves (actuated by passive and active means) 

• Expansion chambers in silencers 

• Reflection type muffler 

• Resonators 

• Silent tyre design 

• Wheel arch liners 

• System tuning of acoustic volume 

• Silent road surfaces 

Also, it is mentioned that technological advancement allowed combustion engines to have good 
performance at low engine speed while maintaining good drivability at higher gears. This leads to 
reduced air pollutant emissions, fuel consumption and sound emissions. 



 

 

Q4 chart: 

 

 

Indicative replies to Q3 (original text): 

From those who answered “Yes” 

   The sound emission of a vehicle is a whole vehicle development challenge and integrates 
various components, not limited to tyres or exhaust silencer. The design depends on the 
expectations of the customer. [PORSCHE AG] 

   Technical solutions are driven by customer demands and customers expectation on usability 
and safety. In general, different categories of vehicles require different technical solutions, even if 
the noise requirements are comparable. In addition, for different categories, customer demands and 
expectations vary and thus lead to different goal conflicts. [AUDI AG] 

   M and N categories are differentiated by specific architecture, different design, different driving 
conditions, weight etc. The customer expectations in term of cost, safety, durability is also 
different. Other regulatory constraints (for instance packaging of engine compartment for pedestrian 
protection) and cost for low PMR vehicles increase the difficulties to design good solutions to reach 
the limit values. For LCV and heavy trucks, the technical solutions to reach the limit values can be 
really different to those of the PC. Architecture and hierarchy of emissive parts are different from 
one category to another one. [CCFA] 

   Noise reduction is always a combination of several measures: Primary and secondary noise 
sources, road surface, etc. HDV mainly tyre noise of relevance. [Schaeffler Technologies AG &Co. 
KG] 



 

   Per category of vehicles, we need to have different solutions according to the use of the 
vehicles, the customers with their expectations in term of cost, safety, durability…  Other regulatory 
constraints (for instance packaging of engine compartment for pedestrian protection) and cost for 
low PMR vehicles increase the difficulties to design good solutions to reach the limit values. For 
LCV and heavy trucks, the technical solutions to reach the limit values can be really different to 
those of the PC. Architecture and hierarchy of emissive parts are different from one category to 
another one. [Renault group]  

   Technical solutions are driven by customer demands and customers expectation on 
performance and safety. [Ministry of Transport - Division of international technical rules] 

   Yes, it always depends on the main source; tires, exhaust, engine/gearbox etc. [Volvo Cars] 

From those who answered “No” 

   Different vehicle designs suit different purposes, which favour different solutions and make other 
solutions complicated. The basic noise abatement measures include encapsulation (absorbents 
and shields), optimization of mechanical systems of the powertrain, as well as engine control, 
however the latter option is limited by tough demands on fuel efficiency/CO2 and exhaust emission 
regulations. Electric powertrains may be an option for urban areas and medium loads. Electric 
motors can be less noisy than combustion engines, but the sound emission remain from 
powertrains (e.g. gearboxes), brake compressors, ACC and additional cooling systems (e.g. for the 
batteries) etc, besides the tire/road noise. [Volvo Technology] 

 

Indicative replies to Q4 (original text): 

   Limits have been established according to the current market situation of available technologies 
for the various vehicle categories. 
In general, the sound emission strongly depends on the technical design for the use of the vehicle. 
Other disciplines may require technical solutions, which lead to higher sound emission, like braking 
capability with bigger brake discs for better safety. 
Noise reduction measures increase costs and weight in the vehicle. [VDA (German Car Industry 
Association)] 

   Different type of tyres for N category, big diesel engines need many heavy components on 
exhaust line for exhaust gases after treatment purpose, which leaves less space for mufflers. In 
general, noise reduction causes additional cost, weight and affects other regulations. [Anonymous 
respondent] 

   Technical solutions are dependent on the limits and the product. It is interesting to observe the 
contrast between the EU approach to sound emission regulation and the North American 
(US/Canada/Mexico) approach. The EU approach is very complex and has multiple categories; sets 
limits based on the technical possibility in each category to provide a nice looking "headline" low 
number; and has numerous exemption criteria. The North American situation is a uniform and 
common (higher) limit for limited classes (usually 2), but without any exemptions, COP allowances, 
tire selection, etc. And the interesting thing is despite this "lack" of regulation in North America, the 
M1/N1 vehicle fleet is substantially similar to the EU - in fact, can be argued to have lower real world 
sound emissions as North American vehicles have been primarily automatic transmission vehicle for 
decades, with the corresponding lower engine speeds and sound emissions over the wide range of 
normal operation. [Respondent requested that his/her identity and affiliation to be treated as 
confidential] 

   The current limits have been established based on the observation of the market and not the 
other way around. Due to the large product variation, which is requested by the market, the 
technical solutions are various. [Ministry of Transport - Division of international technical rules] & 
[FCA Italy SpA] 



   Different tires type for N categories. Big diesel engines need many components on exhaust line 
for depollution issues which leave less space for mufflers [Anonymous respondent] 

 

Indicative replies to Q5 (original text): 

   Modern vehicles always integrate a mix of the latest technologies, such as best engine 
performance at low engine speed, high drivability at low engine speeds in combination with high 
gear numbers. This allows to reduce emissions, fuel consumption and sound emission at the same 
time. It reduces the contribution of engine and gas flow noise in a normal driving cycle. Customers 
of smaller vehicles are very price sensitive, so these cars they need cheap solutions. Smaller cars 
and also sportscars do not provide enough space for big exhaust silencing systems. Tyre rolling 
sound is increased if high safety and drivability is requested. All these measures go along with 
higher costs and more complex technical solutions. Therefore, these solutions are introduced in 
various grades dependent on the market target of the vehicle (budget car, comfort car, evolution 
car). However, in many modern vehicles, technological solutions as mentioned are already state of 
the art and achieving the noise limits of Stage3 with the necessary robustness still will be a 
challenge. [AUDI AG] 

   The rolling Noise: because the main contributor to the vehicle noise which must be driven by the 
tyres manufacturers.  
- Engine encapsulation  
- Engine and body under cover shield   
- Wheels arch liners  
- Use of passive flaps in exhaust...  

The engine control is no longer a solution to reduce noise emission because of impact on pollutants 
and CO2 reduction. [CCFA] 

   It's a combination of all the points listed. [MAN Truck & Bus SE] 

   Regarding exhaust noise: It does require a system tuning of acoustic volume, resonators, 
absorptive materials and exhaust valves(actuated by passive and active means), with the aim to 
achieve a reduced noise emission at an acceptable backpressure (high backpressure has a 
negative impact on engine performance and fuel economy). [Faurecia Clean Mobility] 

   The available (state-of-the-art) technologies includes tire design, noise encapsulation 
(shielding), engine and gearbox designs that avoid resonances in the mechanical structures, e.g. 
the engine block or the gearbox housing and gear train. The prime focus of the design of the 
exhaust after-treatment system and intake is to achieve an efficient engine and lowest possible fuel 
consumption given the transport mission of the vehicle (kinds of trucks and busses). Modern heavy-
duty vehicles utilize automated gearboxes, with commonly about 12 gears, in order to run in the 
most efficient speed range. [Volvo Technology] 

   Silent asphalt, flow silencers (especially exhaust), shielding/absorption and electrification. 
[Volvo Cars] 

   M1/N1 and M2/N2: Combination of turbo charger, catalytic converter, particle filter and 
exhaust silencer (for more expensive cars M1/N1 with variable geometries) makes it more easy to 
fulfil limit values. [Bernd Schüttler, Federal Ministry of Transport and Digital Infrastructure, Germany] 

   The technical solutions depend on the purpose of use and the market affordability target of the 
vehicle. The current limit require always a mix of all the measures from tyres improvisation for high 
safety and drivability, encapsulation of engine compartment, undercover shielding, engine 
performance management for reduced gaseous emission and fuel consumption, use of passive 
flaps, etc. 
In short it is evident that there is  no simple solutions.  
The sound emission of a vehicle is a whole vehicle task. [ACEA (European Automotive 
Manufacturers Association)] 



 

 

 

 

  



Q6. “Do you believe that there are specific technical difficulties related to the type approval testing 
procedure and conditions, either for the in-motion test or the stationary one? For example, issues 
related to test site and test execution specifications, weather conditions, background noise 
correction, measurement method and sound level determination.” 

 

 

Q6 chart: 

 

 

Indicative replies to Q6 (original text): 

   The type approval test procedure is clear and robust. ASEP is very complex and time 
consuming. 
Measurement uncertainty needs to be improved.  
In addition, the test requires good engineering experience. Therefore test institutes should be ISO 
qualified. [PORSCHE AG] 

   As was already stated in the Venoliva study 2010, the test procedure is more dependent on the 
ambient condition and has higher sensitivity to measurement uncertainty. Test track variation, 
ambient conditions can have an impact on the test result. The test procedure by itself is robust. For 
ASEP longer test tracks will be needed to enable safe testing. The type approval testing procedure 
is subject to several uncertainties. Due to the increasing importance of tyre noise, the main issues 
are differences of test tracks and differences of ambient conditions such as temperature. The 
resulting uncertainties as a whole are easily greater than the precision of the results to be 
reported. Consider that Sound pressure levels are required to be rounded to a full integer and limits 

Q6 replies summary: 

Measurement uncertainties due to multiple parameters such as test tracks, ambient conditions and 
the overall repeatability of the driving conditions, seem to be a major concern. Test results are 
rounded to a full integer and limits are also expressed as integer values, which implies a precision of 
±1dB(A). The measurement uncertainty is expected to be higher than the testing procedure precision. 

Regarding specific vehicle categories, difficulties are faced with hybrid electric vehicles (HEVs) 
during the stationary tests and in some cases with low PMR automatic transmission vehicles, as the 
aurban specified in the regulation cannot be achieved. 

In general, ASEP is considered very complex and time-consuming process. Also, there is a 
problem in reaching higher vehicle speeds that are required for ASEP testing, when tests are 
performed in shorter test tracks. 

Do you believe that there are specific technical difficulties related to the type approval testing 
procedure and conditions, either for the in-motion test or the stationary one? For example, issues 

related to test site and test execution specifications, weather conditions, background noise 
correction, measurement method and sound level determination. 

 



 

are given as integers, which principally implies a precision of +-1dB. Total uncertainties, if including 
temperature and test track, can be a lot larger than that. The test procedure for ASEP is much too 
complicated and time-consuming and should be changed. In addition, AVAS shall be taken into 
consideration, with its minimum sound requirements. The application range might be extended in 
terms of scope and speed range. [AUDI AG] 

  High influence of external conditions (road surface, temperature, measurement inaccuracies, 
etc.)  It would be advantageous to put pass-by measurements into context with AVAS 
measurements. [BMW AG] 

  Especially for HEV, stationary test is made difficult (not possible to increase the engine speed at 
stationary without dedicated mode - electric mode at stationary).  Pass-by tests are strongly linked 
to the ambient conditions, test site conditions and highly linked to measurement uncertainties with 
huge impact on tests results.  For silent vehicles during testing constant rolling speed, 'signal to 
noise ratio' could become an issue. [Renault group] 

  Always problematic with cold weather and rain. Problems at certain shorter test tracks to reach 
the higher speeds in the ASEP-procedure. [Volvo cars] 

  Some low PMR vehicles of automatic transmission couldn't achieve aurban. Because it is different 
depend on Type Approval Authorities, we are confused.  We think that it is not matched with an 
actual condition of the urban driving. [Suzuki, Automobile Performance Development Department] 

  



Possibly improved (lower) M- and N-category vehicle sound emission limits 

Q7. “Considering that sound level limits need to be improved, what kind of range of limits could 
potentially be achieved? 

 1-2 dB lower for all M- and N-categories. 

 2-5 dB lower for all M- and N-categories. 

 >5 dB lower for all M- and N-categories. 

 Depends on vehicle type (please specify). 

 Other (please specify).” 

 

 

  

Q7 replies summary: 

The majority of the respondents (58%) selected the option “Other (please specify)”. Through the 
comments it was made clear that no further reduction of the limit values is considered possible, as 
current sound limits of phase 3 are already difficult to achieve for some vehicle categories. Some 
stakeholders suggested that phase 3 should be postponed for at least 2 years. On the other hand, 
one stakeholder stated that a reduction of 1-2 dB is possible for all vehicle categories, except for 
off-road vehicles with low GVW. 

Based on the responses, it is highly questionable, whether a reduction of sound limits would 
have significant environmental and health benefits. Also, it is mentioned that a further reduction 
could possibly introduce a regulatory conflict (UNECE Regulation No 138 and No 51).  



 

Q7 chart: 

 

 

Indicative replies to Q7 (original text): 

From those who answered “1-2 dB lower for all L-categories” 

   High performance vehicles should not be restricted too much. [Anonymous respondent] 

   More than 1 dB(A) is difficult with the vehicles that are in roads for this moment. [Technical 
Service of Noise Approvals] 

From those who answered “2-5 dB lower for all L-categories” 

   Also dependent on tyre or traction noise. Would focus on tyre noise. [RIVM] 

From those who answered “Other” 

   No further reduction of limits is suggested at the moment. Stage 3 limits are already 
challenging for most vehicle categories. Actually, it is highly questionable, whether further 
reduction of sound limits would result in a significant improvement of the environmental 
situation. The impact of other regulations and customer requests for safety and usability do not 
allow a significant change of product designs. [VDA (German Car Industry Association)] 

   It is highly questionable, whether further reduction of sound limits would result in a significant 
improvement of the environmental situation. Therefore, there should not be a further reduction 
of the limits already suggested for stage 3. The limits currently stated for Stage 3 in Reg (EU) 
540/2014 are already challenging for most vehicle categories. Even when only EVs would be 
used, the environmental improvement is very limited. The impact of other regulations and customer 
request for safety and usability does not allow a significant change of product designs. [AUDI AG] 

   Phase 3 is already challenging (refer to Question 12) and any further noise limits reduction 
should be proposed only after full implementation of current regulation and an impact 
assessment under and holistic approach considering also if road traffic noise regulation is 
necessary. The measurement uncertainties should also be drastically reduced before implementing 
vehicle phase 3 and setting new sound emission limits. [WDK - Wirtschaftsverband der Deutschen 
Kautschukindustrie e.V.] 

   No further reduction of limit values should be carried out. Implementation of phase 3 will be 
difficult. The overall situation of noise will not be significantly improved by reducing the sound values 
of the vehicle. Other contributors shall be taken into account, like the road surfaces (see ACEA 
WUHU 2017 presentation). Reducing the sound limit values will have a consequence on other 



regulations (safety, exhaust gas emissions). Currently the difference between EV and ICE is low 
and will be even less significant on public road, due to the asphalt surface. [Anonymous respondent] 

   Phase 3 is very challenging. Further reduction in the dominant tyre noise would lead to a conflict 
of objectives with safety aspects. Working on the influence of the road surface with higher effect for 
residents. [BMW AG] 

   Before thinking to a new reduction of limit values on vehicles, what has been the impact of the 
reduction of the current limit values of Phases 1 & 2 on the ambient noise in real life? What would 
be the impact of new reduction? With which cost/benefit? What will be the impact on safety? 
through the new tyres? Through quiet vehicles for vulnerable road users? An exhaustive impact 
study (according to 2002/49/EC - for the full sound scape) shall be conducted prior to any decisions 
on limit values for vehicles (quantity and/or quality). [Renault group] 

   Actually, stage 3 limits are already extremely challeging for several vehicle categories and 
tightening of other Regulations such gas emissions and safety doesn't allow further technical 
solutions to reduce sound emissions. Then it is arguable that a further sound level reduction would 
have an impact on the equivalent sound level which affects citizens as defined by END. [FCA Italy 
SpA] 

From those who answered “Depends on vehicle type” 

   Depend on packaging constraints, on light weight design and on cost (vehicle category). 
[Vitesco Technologies] 

   For passenger cars the current 72 dBA limit could possibly be reduced to 69 dBA somewhere 
between 2024-2026. Lower limits than that would be very expensive for the OEMs to fulfil. [Volvo 
Cars] 

   It could be achieved 1-2 dB lower for most vehicles.  But it is difficult for the off-road 
vehicles of low GVW, because sound level limits are not relaxed. [Suzuki, Automobile 
Performance Development Department] 

From those who answered “I don’t Know” 

   As far as we technically know (currently and for the future), it is difficult to give a view on any 
improvement or status-quo for phase 3 limits. [Ministry for ecological and solidary transition, France] 

  



 

Q8. “What could be the main technical difficulties expected from improved (lower) sound emission 
level limits?” 

Q9. “In case that you noted technical difficulties in Q8, what kind of additional technical features 
would be required in order to reach lower sound limits?” 

 

 

Indicative replies to Q8 (original text): 

   More stringent limits will primarily affect the tyre rolling sound component. However, the design 
of tyres is very much dependent on the customer expected use and the safety requirements in this 
regard. A reduction of noise on the one hand will result in a deterioration of other characteristics on 
the other hand. This is a conflict of objectives that can be biased to one or another side, but not be 
solved on the whole. Vehicle safety is of key importance for the customer and for the EU (see new 
established GSR (General Safety Regulation, Regulation (EU) 2019-2144). Furthermore, 
environmental aspects like emissions and particles is essential for the customer and for the EU (see 
the tough regulations for stringent emission limits). EV: Audibility of single vehicles for safety must 
be provided, as these vehicles may be too quiet (see Reg (EU) 540/2014 and R138. [AUDI AG] 

   Two main difficulties: 
- Changes necessary on tyres, engines and exhaust systems,  
- Necessity to take in account the impact on other technical requirements of the vehicle type 
approval (emissions, safety). [Ministry for ecological and solidary transition, France] 

   Lower tyre sound emission might have a negative impact on other performances and CO2 
emissions, that have to be assessed closely. Tyres already regulated by R.117.02 and any further 
noise emission reduction should be proposed only after full implementation of current R.117.02 and 
an impact assessment under a holistic approach. As well, the current high measurement 
uncertainties should be strongly reduced before implementing any new limit. [The Scandinavian 
Tire & Rim Organization] 

Q8-Q9 replies summary: 

Tyre rolling sound contribution is expected to be greater to the total sound emissions, as the 
sound emission limits are getting lower. According to many stakeholders, lowering tyre sound 
emissions might have a negative impact on safety and on fuel consumption of the vehicles, which 
are the main customers’ concerns along with cost. 

On the other hand, reducing engine noise may lead to increased fuel consumption because of 
the additional weight of the sound control equipment. Also, shielding of the engine and the gearbox 
may result in thermal management issues. As a result, it is considered challenging to achieve 
lower limits in combination with compliance with other regulations. 

Specific issues are expected with shielding because of lack of space for M1 vehicles with PMR > 
200 kW/t (exhaust) and M3 and N3 vehicles (engine, exhaust, transmission). 

The development of materials with specific characteristics in weight, thermal fatigue and cost of 
production, is considered necessary. Also, some additional suggested measures, which could be 
considered together with measures for the sound emissions reduction of vehicles, are: 

 better maintenance of road infrastructure 

 quieter road surfaces 

 traffic management 

Finally, it is mentioned that a further reduction should only be considered after the full 
implementation of phase 2 of UNECE Regulation No. 117, regarding sound limit values of tyres 
and an impact assessment. 



   To balance tyre noise and other performance (i.e. Dry Grip, Wet Grip, Hydroplaning, Snow 
performance, Ice performance, Wear performance, Dry Handling, Comfort, etc.) without negative 
impact is the technical difficulties for tyre noise reduction. Tyres already regulated by R117-02 and 
any further noise emission reduction should be proposed only after full implementation of current 
R117-02 and an impact assessment under an holistic approach. [The Japan Automobile Tyre 
Manufacturers Association, Inc.] 

   For the phase 3, the tyre is the most important part of the vehicle noise. We need to pay 
attention to the balance between noise, wear and safety without making:  - unaffordable vehicles for 
any customers and bad for safety of driver and his passengers, and for other road users - bad on 
other environmental parameters as particles from tyres, CO2 ...  For electrified vehicles, we add 
AVAS for vulnerable road users’ protection because they are too quiet. We will face the same issue 
for all vehicles with future limit values.  Emissions and CO2 regulations tends to increase 
combustion noise making the tradeoff. Pass-by noise more difficult. Masses of vehicles increase, 
tyre rolling resistance increase, packaging constraints. [Renault group] 

   Reduction of engine noise might be in contradiction with CO2/fuel reduction. Further shielding 
of the engine & gearbox may result in thermal issues. Tyre rolling sound reduction is likely difficult 
to achieve without significant compromises on other aspects of the tyre (wet & dry grip, wear, rolling 
resistance, etc.). [DAF Trucks NV] 

   For P/T noise: Increase of weight, needs space, challenges thermal management, 
aerodynamics, robustness (sound pack for off road / traction trucks    mud/water coming inside 
and increase weight, encapsulation might fall down), product costs; for tire noise: no shielding 
possible on vehicle side, needs to be solved by tire manufacturers (and be efficient not only in UN 
R117, but in UN R51 test procedure, too). [MAN Truck & Bus SE] 

   Most important is the technical difficulties arising from the combined challenge of other 
regulations - CO2, Safety, Weight/Length, Emissions, etc. – requiring technologies that often act 
against the reduction of noise. The traditional noise abatement measures, optimized structures, 
damping mass-stiffness-layers, encapsulations add mass and hamper cooling capacity. A 
commercial vehicle is optimized for a specific transport mission; all different types of trucks and 
busses are designed for different purposes. E.g. city vehicles shall be light, whereas heavy duty 
transport missions require high torque and corresponding cooling capacity; in both examples severe 
noise shield package is counteracting by adding weight and hampering the cooling capacity. [Volvo 
Technology] 

   The N3 vehicles because of the difficulties of the space to cover the engine and the exhaust 
system. [Electrical Engineering Official Central Laboratory (LCOE), Technical Service of Noise 
Approvals] 

   Super sports cars in M1 (PMR > 200kW/t): much higher requirement of space for exhaust 
system. [Bugatti Engineering GmbH] 

   For N3 and M3 vehicles it will be much harder compared to M1. N3/M3 have to have ICE 
capsulations as a Standard (may be problems with heat and fire). [Depts. of transport, market 
surveillance & enforcement authorities] 

  



 

Indicative replies to Q9 (original text): 

   "Instead of considering lower limits for vehicles, other noise reduction measures shall be 
considered, such as better road quality inclusive maintenance of roads, infrastructure and traffic 
management. [VDA (German Car Industry Association)] 

The benefit of lower vehicle noise is jeopardized by insufficient infrastructure." 

   Encapsulation, absorption of road surface noise, active noise or vibration cancellation 
systems. [Schaeffler Technologies AG &Co. KG] 

   Exhaust system noise: Active noise reduction devices requiring lower package space, at 
higher costs. Tyre noise: Tyres optimized with regards to noise emission (see presentations given 
by the Experts from Netherlands in the past years). [Faurecia Clean Mobility] 

   For vehicles with electric propulsion, the engine goes away, while transmission, axles and tires 
remain; new noise sources are added, e.g. cooling of battery – both during driving but also when 
charging at stationary.  For traditional commercial vehicles, the phase 3 limits are already very 
challenging, and sound caused by the tire/road contact cannot be treated by changes to the vehicle 
design. Thus, improved road surfaces have the capacity to reduce the traffic noise the most. [Volvo 
Technology] 

   The material which can be absorbed, is light weight, is cheap, is strong and is strong in heat is 
needed. [Suzuki, Automobile Performance Development Department] 

   It is difficult to say because the type of the vehicle requires a big engine and big tyres and also a 
short ratio gear box to do the specification of a N3G vehicle for example. With the new method the 
test is lower rpm that the 02 series and this is better to achieve the limits is phase 1 but it will be 
more difficult to phase 2 al least for NxG. [Electrical Engineering Official Central Laboratory (LCOE), 
Technical Service of Noise Approvals] 

   Installation of higher volume exhaust systems (with flaps, several mufflers, absorbers, pipes, 
…)   more weight  higher emissions (e.g. CO2). [Bugatti Engineering GmbH] 
 

  



Q10. “According to your opinion, what is the time period required for the industry to adapt to new 
(improved) sound limits? What is the order of achievable reduction from actual sound emission level 
limits for this time period?” 

 

 

Indicative replies to Q10 (original text): 

   The necessary time depends on the question, how much time will be needed to improve the 
real world infrastructure in such a way, that the already today achieved quietness of vehicles is 
reflected in real driving. See studies that conclude that the efficiency of lower vehicle limits is very 
poor for the environment. (UBA study). [VDA (German Car Industry Association)] 

   For the development of new concept, taking into account all the parameters and constraints, 4 to 
6 years are necessary for the industry to adapt vehicles to lower limit values. [CCFA] 

   > 6 years for vehicles measures, > 10 years for road infrastructure measures. [Schaeffler 
Technologies AG &Co. KG] 

   Six to ten years is the required period. New (improved) sound limits would require new concept 
to be defined and proven, before developing new vehicles and tyres concept. [European Tyre and 
Rubber Manufacturers' Association] 

   Stage 3 is already in question for many electric vehicles. This stage should be postponed until a 
full analysis of all possible measures, including infrastructure, is completed. Vehicle limits must be 
linked to actual complementary measures, if possible, at all. In addition, conflicts with safety have to 
be addressed. At present, vehicle noise limits are at the boundary of being unsafe. [Respondent 
requested that his/her identity and affiliation to be treated as confidential] 

   2 to 4 years. depending on the reduction. [Erik de Graaff, M+P] 

   We need more time to be able to design additional technical solutions in meeting a good balance 
for noise/safety/other environmental parameters (particles from tyres/CO2). The limit values must 
be realistic in taking into account all the constraints. At least 4-6 years due to the timeline of design 
of new vehicles. [Renault group] 

   Stage 3 limits are already challenging. Impact on other regulations and customer request for 
safety and usability does not allow significant changes. Based on the phase 2 limit values in 2026, 
at least 2 years are necessary for a further reduction by 1dB. [MAN Truck & Bus SE] 

   Minimum 5 years, depending on the limits and measurement procedure. [Vitesco Technologies] 

   At least 4 years to achieve 1 dB(A) in general across different vehicle types. [Anonymous 
respondent] 

   3 years. 2 dB. [AUTOMOTIVE RESEARCH ASSOCIATION OF INDIA] 

   3 years for new developed products. [RIVM] 

   Generally further improvements would take approx. 10 years. For M1 super sports cars (PMR > 
200kW/t) no further reductions of sound emission levels are possible. [Bugatti Engineering GmbH] 

Q10 replies summary: 

Most stakeholders do not think a limit reduction is feasible and as a result there are not many 
recommendations on the time period that the industry needs to adapt to new limits. Some 
respondents provided an estimation that ranges from 2 to 10 years, depending on the vehicle type 
and the magnitude of reduction. Taking into consideration all the answers, 4 to 6 years seem to be 
a suitable time period. 

Also, there were comments mentioning that additional measures should be considered, like 
improvements on the road infrastructure, in order to achieve real world traffic noise reduction. 



 

   6 to 10 years is the required period. New (improved) sound limits would require new concept to 
be defined and proven, before developing new vehicles and tyres concept. [ETRTO] 

  



Sound emissions from tyres 

Q11. “According to your knowledge, are there tyres in the market that contribute to the reduction of 
total vehicle sound emissions, without a serious negative impact on wet grip and rolling resistance?” 

Q12. “In case you did not reply positively to Q11, do you believe it is possible to improve the sound 
emission performance of tyres, without serious influence on their wet grip and rolling resistance? If 
yes, how and which could be the reduction in sound emissions?” 

Q13. “Do you believe that consumers prefer tyres with lower sound rating? If no, what are the main 
reasons, e.g. cost, concern about safety, other?” 

 

 

Q11 chart: 

 

 

 

 

 

 

Q12 chart: 

Q11-Q12-Q13 replies summary: 

In general, AAA labeled tyres are considered the ones that are able to contribute to sound emissions 
reduction. Currently, this type of tyres are only available for M1 vehicles and are currently 
representing roughly 0,05% of C1 tyres. 

Tyre labelling does not include some parameters related to safety, e.g. braking distance. Also, 
quieter tyres tend to be softer, which leads to increased fine particles emissions. Further 
technological development is needed in order to produce quieter tyres, without sacrificing safety 
and increasing fuel consumption. A study (GRBP 70-25) suggests that no reduction of tyre noise is 
possible without negatively impacting other parameters. Meanwhile, tyres are considered already 
quite silent (slick tyres are 4 dB quieter than normal tyres). Moreover, there is a comment mentioning 
that a reduction of 2 dB in tyre noise is the largest feasible reduction. 

Finally, the main selection criteria for customers are safety, cost, wear, fuel consumption and 
lastly, the external sound emissions, according to most of the respondents. 



 

 

Q13 chart: 

 

Indicative replies to Q11 (original text): 

From those who answered “Yes” 

   The R.117.02 establishes the minimum requirement for tyre performances. Any further 
improvement vs these limits is left to the technology evolution of individual tire manufacturer and 
promoted by labelling. However, the number of tyres able to perform for the three given regulated 
performances (RR, Wet and Sound) is very low (detected only 15 tyre references, representing 
roughly 0,05% of C1 tyres considered by Industry reference databases, featuring labelling 1 wave 
and AA). [The Scandinavian Tire & Rim Organization] 

   The current range of available technology shows a wide range in (labelled) values for noise WG 
and RR. Statistically there are enough tyres available with low noise emission. The range in 
available noise values can be 9 dB top-top, depending on the tyre class. Statistically there IS a 
relation between WG and RR, but there is NO relation between noise and WG/RR. [M+P] 

From those who answered “No” 

   There are no AAA tyres in the tyre classes applicable to our vehicle portfolio. It is not sufficient 
to consider only the regulated parameters. The tyre market is driven by consumer primarily by 
saftey, handling and wear of the tyre. [PORSCHE AG] 

   As far as there are AAA-tyres, they are not available for the majoity of dimensions needed. And it 
is very likely that they do not have good performance in other criteria. Tyre LABEL: In addition, the 
performance of a tyre is not limited to these three parameters. Safety is not considered. The 
safety performance will go down and make tyres less safe in use. And a very quiet tyre is softer, 
and their wear will produce more fine particles. Starting from Stage 2, such tires are possible. 

In case you did not reply positively to Q11, do you believe it is possible to improve the sound 
emission performance of tyres, without serious influence on their wet grip and rolling 

resistance? If yes, how and which could be the reduction in sound emissions?  
 



However, nowadays not even the best tires on the market fulfil all requirements of a stage 3 tire. 
Thus, for stage 3, technological improvements are necessary and it is not clear whether the 
required noise reduction can be achieved without sacrificing other characteristics. [AUDI AG] 

   Performance has to take into account all parameters including safety and environment.  
Currently mass production tyres meeting both safety and environment requirements are not 
available. Tyres manufacturers follow the UN-R117 and not the UN-R51. [Renault group] 

   There are no AAA-tyres. In addition, the performance of a tyre is not limited to these three 
parameters. Safety is not considered. A very quiet tyre is softer and will produce more fine particles. 
The safety performance will go down and make tyres less safe in use. Tyre rolling noise as 
assessed in R117 does not necessarily correlate with low noise emissions under R51-03 conditions. 
[DAF Trucks NV] 

   No AAA tires available on the market. Furthermore, these three performances does not 
consider all safety requirements (i.e. braking distance). [FCA Italy SpA] 

   There are no tires for heavy commercial vehicles that have achieved the highest ranking for 
all three, rolling resistance, wet grip and noise. [Volvo Technology]  

 

Indicative replies to Q12 (original text): 

From those who answered “Yes” 

- 

From those who answered “No” 

   The performance of a tyre is always dependent on various performance aspects, not limited to 
rolling noise, wet grip and wear alone. When considering lower rolling noise for tyres, especially 
safety and wear of the tyre need to be considered. Today's tyres are already optimized for many 
consumer, safety and environmental relevant aspects. [VDA (German Car Industry Association)] 

   No general answer can be given on this question, as it depends on tyre categories, 
characteristics and other tyre performances currently not regulated. Generally speaking, a strong 
improvement of one performance implies a worsening in other tyre performances. Tyre is 
already regulated by R.117.02 and any further noise emission reduction should be proposed only 
after full implementation of current R.117.02 and an impact assessment under a holistic approach. 
As well, the current high measurement uncertainties should be drastically reduced before setting 
any new sound limits for tyres. Before any reduction of sound emission threshold, one should also 
consider the performance asymptote for sound emission (slick pattern tyres), which is not so far 
away from current best tyre performances. [The Scandinavian Tire & Rim Organization] 

   This is unrealistic and the ACEA TPS study with UTAC presented during GRBP-70 in September 
2019 (document GRBP-70-25) highlighted this incompatibility. 1st priority of a tyre is the safety and 
then, in a 2nd priority, the environmental aspects as noise, CO2 and particle due to tyres wear. 
[Renault group] 

   It is dangerous to consider only wet grip and rolling resistance as justification parameters for 
considering reduced rolling sound emission. The main purpose of a tyre is to keep a vehicle safe on 
the road. This impact cannot be ignored. [DAF Trucks NV] 

   With new technology the tires can become slightly more silent while keeping the other 
performances.  However, the laws of physics are very hard to change. I don't think more than 2 
dBA reduction of tire noise are achievable without drastically affecting other performances. Keep in 
mind that a slick tire is only 4 dBA more silent than the same tire with tread. A slick tire has 
extremely poor wet grip. [Volvo Cars] 

From those who answered “I don’t know” 



 

   No general answer can be given on this question, as it depends on tyre categories, 
characteristics and other tyre performances currently not regulated. Generally speaking, a strong 
improvement of one performance implies a worsening in other tyre performances. Tyre is already 
regulated by R.117.02 and any further noise emission reduction should be proposed only after full 
implementation of current R.117.02 and an impact assessment under a holistic approach. As well, 
the current high measurement uncertainties should be drastically reduced before setting any new 
sound limits for tyres. Before any reduction of sound emission threshold, one should also consider 
the performance asymptote for sound emission (slick pattern tyres), which is not so far away 
from current best tyre performances. [European Tyre and Rubber Manufacturers' Association] 

 

Indicative replies to Q13 (original text): 

From those who answered “Yes” 

   Because of correlation with interior noise. [M+P] 

From those who answered “No” 

   We believe that most consumer care mostly for wet grip and rolling resistance. Tyre rolling 
sound has much less importance for consumer. We suggest a study on the importance of the label 
characteristics to the customer. [PORSCHE AG] 

   Most customers do care on lower sound emission for interior sound INSIDE the vehicle. But 
they will not consider a parameter which they cannot validate, recognize or have benefit from.  On 
the other hand, obviously customers always will have a high demand on safety. For the OEM, it is a 
necessity to meet this demand. Also, COSTS are a very relevant aspect for the customer, in 
particular for aftermarket tyres. We propose to conduct a study on what importance customers give 
to Rolling Resistance, Wet grip and Noise and other aspects and about the effectiveness of the "tire 
label" currently in use according to 1222/2009. [AUDI AG] 

   According to the investigation by Marketing Research Company in Japan, consumers have few 
interests to external noise when choosing tyres. Consumers are most interested in price, brand 
image, and fuel efficiency. We believe that internal noise (noise in a cabin) is recognized as an 
important performance in terms of in-car comfort. We understand this trend will be even more 
pronounced in fleets. Perhaps, consumers do not fully understand the benefits of reducing external 
noise, and that does not lead to consumer behavior as a result. [The Japan Automobile Tyre 
Manufacturers Association, Inc.] 

   The European Commission Study Assessing Consumer Understanding of Tyre Labels 
concluded that, of the tested features, noise level was considered as the least important feature 
to have on the label. [European Tyre and Rubber Manufacturers' Association] 

   For customers, the 1st parameter in their decision is the cost, then the safety, and then the 
fuel efficiency (because of cost rather than because of environmental issues). When consumers 
are inside the vehicles, the outside noise is not the main concern. Low noise emissions tyres 
outside may not be the best for interior noise. [Renault group] 

   Heavy commercial vehicle customers have focus on user specific tire type (traction, long 
haul…) and total costs of ownership (TCO), tire noise will be regarded by customer only after 
safety and costs/wear is best. [MAN Truck & Bus SE] 

 

 

  



Additional sound emission provisions (ASEP) 

Q14. “Do you believe that ASEP (additional sound emission provisions), as set out in Regulation 
(EU) No. 540/2014 for M1 and N1 vehicles, is an effective provision, i.e., ensures that the sound 
emitted in real world driving conditions is in line with the sound emitted during the type approval 
test?” 

Q15. “Do you believe that ASEP should be introduced for other M- and N-category vehicle types?” 

Q16. “Do you think that ASEP should become mandatory as part of the type-approval procedure?” 

Q17. “What are your suggestions for the most effective ASEP application, i.e., in order to more 
thoroughly address real driving vehicle sound control under a wider range of real-world operating 
conditions? For your reference we provide the most recent work of the GRBP IWG ASEP.” 

 

Q14 chart: 

 

 

 

 

 

 

 

 

 

Q14-Q15-Q16-Q17 replies summary: 

It is considered that ASEP targets cycle-beating and can regulate some single events, as it 
ensures that a vehicle performs as expected over a larger operation range. Additionally, it aims at 
detecting irregularities in the sound behaviour. Also, ASEP does not have an impact on 
environmental noise on an Leq basis and is considered relevant only for a small amount of M1 and 
N1 vehicles. 
 
Making ASEP part of the mandatory type-approval procedure may lead to increased credibility of 
the type approval procedure, but it should be simplified as it is too time consuming. 
 
In general, the work by GRBP IWG ASEP is considered reasonable by most respondents. A 
recommendation for the improvement of ASEP is to introduce a sound model which covers a wider 
range of speed and loads that also includes highway driving conditions. 
 

Do you believe that ASEP (additional sound emission provisions), as set out in Regulation (EU) No. 
540/2014 for M1 and N1 vehicles, is an effective provision, i.e., ensures that the sound emitted in real 

world driving conditions is in line with the sound emitted during the type approval test? 
 



 

Q15 chart: 

 

Q16 chart: 

 

Indicative replies to Q14 (original text): 

From those who answered “Yes” 

   ASEP avoids jumping behaviour but does not reduce the overall noise level in road traffic. 
[BMW AG] 

   ASEP is much more likely to provide actual and real-world benefit for single events - which are 
what people typically complain about. However, since these single events have no effect on Leq 
levels, they cannot be accounted for in an assessment. However, ASEP will do nothing about single 
events related to public safety vehicles (sirens), street sweepers, garbage trucks, modified vehicles 
(especially mopeds and L category), illegal (over speed limit) and reckless driving, busses, etc. Life 
itself is full of events that are loud - sporting events, concerts, public gatherings of any kind, 
restaurants, bars, etc. [Respondent requested that his/her identity and affiliation are treated as 
confidential] 



   ASEP will help to reduce annoyance from single events but there is no way to quantify the 
benefit. Please take into account that WHO study about the assessment capability for annoyance 
which says that there are many other annoying events to people. [FCA Italy SpA] 

   It disables intentional higher sounds produced by moveable parts in the exhaust / air intake. 
[Austrian Ministry for Transport, Innovation and Technology] 

From those who answered “No” 

   The current ASEP includes an assessment at four additional discrete test points only, while a 
huge area of typical and critical vehicle driving conditions remains uncovered. In addition, the 
current ASEP is not mandatory to be performed which is leading to an ambiguous situation. 
[Faurecia Clean Mobility] 

   There must be a better way to do it. The ASEP test method is very very time consuming and 
therefore it costs a lot of money. I have never seen any of our cars failing the ASEP-test. The 
intention is good, but unfortunately it feels like an "office product" with no understanding of how 
much time it takes to perform! [Volvo Cars] 

   1. ASEP is a self-certification.  
2. ASEP has only wot Tests.  
3. ASEP do not test all gears.   
4. Below 20 and higher 80 km/h no Tests.   
5. Silencers with variable geometries can close their flaps only for measurement circumstances. 
[Bernd Schüttler, Federal Ministry of Transport and Digital Infrastructure, Germany] 

From those who answered “Partially” 

   For most vehicles, ASEP has no enforcement character, as it targets to "cycle-beating". ASEP 
has no influence on the general normal driving situations. [VDA (German Car Industry Association)] 

   ASEP will help to reduce annoyance from single events, but is not a tool to improve 
environmental noise on an Leq basis. ASEP is important for vehicles, which are designed to 
provide an emitional sound to the customer. [PORSCHE AG]  

 

Indicative replies to Q15 (original text): 

From those who answered “Yes” 

- 

From those who answered “No” 

   ASEP is important for vehicles, which are designed to provide an emitional sound to the 
customer. We see no other vehicle category in that direction. [PORSCHE AG] 

   It is only relevant for sport cars. [M+P] 

   Currently ASEP has to be applied to M1/N1. ASEP is a big work, complex and time consuming.  
At that time, we need to learn and to have feedback from ASEP to be able to assess the real impact 
on real urban noise. Then decision for other categories will be more accurate. [Renault group]. 
 
   No significant change in noise behaviour of trucks and busses when varying operating 
conditions, no active systems or something like this is existing here. Would create additional work 
only with no benefit. [MAN Truck & Bus SE] 

From those who answered “Other (please specify)” 

   Only in case of moveable parts in exhaust / air intake / shieldings. [Austrian Ministry for 
Transport, Innovation and Technology] 

From those who answered “I don’t know” 



 

- 

 

Indicative replies to Q16 (original text): 

From those who answered “Yes” 

   Obligation would be transparent and confidence-building. [BMW AG] 

   It will increase trust and credibility. However, the workload needs to be considered and it shall 
be simplified. For 99% of OE vehicles, ASEP is not needed. [ACEA (European Automotive 
Manufacturers Association)] 

From those who answered “No” 

   We cannot agree to a mandatory ASEP today. Current ASEP is too time consuming and 
complicated for an official type approval test. Before any consideration to make ASEP mandatory, it 
shall be simplified. [VDA (German Car Industry Association)] 

   For 99% of OE vehicles, ASEP is not needed. Even though it would increase trust and credibility, 
the workload for the manufacturer needs to be considered. If mandatory, then it must be simplified; 
the current ASEP method is too time-consuming. [AUDI AG] 

   The current ASEP should not be mandatory. For those M1 sub-categories where ASEP make 
sense (need proof), the new ASEP may be a mandatory at Type approval. [Volvo Technology] 

From those who answered “I don’t know” 

   Depends on additional test burden. [Schaeffler Technologies AG &Co. KG] 

 

Indicative replies to Q17 (original text): 

   Follow the work results of the GRPB IWG ASEP. [PORSCHE AG] 

   In UN-ECE there is a GRBP Informal Working group "ASEP". It is strongly recommended to 
support this work. [AUDI AG] 

   Similar approach like RDE for pollution emissions real-world noise emissions measurements. 
[Schaeffler Technologies AG &Co. KG] 

   The concept of RD-ASEP, as drafted by the IWG ASEP, is quite reasonable. As a next step, the 
RD-ASEP concept needs to be further validated with reasonable parameters. [Faurecia Clean 
Mobility] 

   A future sound model which covers wide range of speed and load is better than current ASEP. 
In addition, a sound model is less test workloads than current ASEP. [Suzuki, Automobile 
Performance Development Department] 

   Definition of additional procedures, that also take highway usage into account. [Bugatti 
Engineering GmbH] 

  



Contribution of M- and N-category vehicle components to sound emissions 

Q18. “Can you rate from 1 (most contributing) to 5 (less contributing) the main sources responsible 
for the sound emissions? If you consider more than one sources as equally contributing to sound 
emissions, you may rate it with the same mark. 

M1 cars 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

M2 small buses 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

M3 heavy buses 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

N1 vans 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

N2 small trucks 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

N3 heavy trucks 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres.” 

 



 

 

 

 

 

 

Q18 charts: 

Q18 replies summary: 

Respondents mentioned that the provided ranking refers to the type-approval test conditions, for all 
the mentioned vehicle types. 

M1 cars 

The most contributing source responsible for the sound emissions of Μ1 vehicles is considered to be 
the tyres, followed by the engine, and, then, the exhaust, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the tyres gets an 
average rating from all responses equal to 1.7, the engine 2.5, the exhaust 2.6, the transmission 
system 4.1 and the intake 4.2. 

M2 small buses 

The most contributing source responsible for the sound emissions of Μ2 vehicles is considered to be 
the engine, followed by the tyres, and, then, the exhaust, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 2, the tyres 2.3, the exhaust 2.7, the transmission system 
3.7 and the intake 4.3. 

M3 heavy buses 

The most contributing source responsible for the sound emissions of Μ3 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.8, the exhaust 2.9, the tyres 3 the transmission system 
3.1 and the intake 4.3. 

N1 vans 

The most contributing source responsible for the sound emissions of N1 vehicles is considered to be 
the engine, followed by the tyres, and, then, the exhaust, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.8, the tyres 2.2, the exhaust 2.9, the transmission system 
3.7 and the intake 4.3. 

N2 small trucks 

The most contributing source responsible for the sound emissions of Μ2 vehicles is considered to be 
the engine, followed by the tyres, and, then, the exhaust, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.7, the tyres 2.2, the exhaust 2.7, the transmission system 
3.6 and the intake 4.4. 

N3 heavy trucks 

The most contributing source responsible for the sound emissions of Μ3 vehicles is considered to be 
the engine, followed by the tyres, and, then, the transmission system, the exhaust system and the 
intake. Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine 
gets an average rating from all responses equal to 1.5, the tyres 2.1, the transmission system 3.4, 
the exhaust 3.4 and the intake 4.4. 



 

 

 



 

 

Indicative replies to Q18 (original text): 

M1 vehicles 

   The ranking is given for the type approval test situation. The mix of these sources will change 
with the operation condition [PORSCHE AG] 

    In the type approval test tyres are the dominant source for almost all cars M1. The ranking of 
the other sources depends on the vehicle concept (budget car, sportscar, family car) and the driving 
situation (vehicle speed, engine speed, constant speed vs. accelerated driving). As this study aims 
at reducing environmental noise, the source contribution must be assessed on the basis of an L_eq 
emission of vehicle. For Annoyance the distribution would look different. [AUDI AG] 

   It is not possible to provide a technical meaningful ranking of the contributors, as it is mainly 
linked to different parameters like speed, road surface, vehicle weight, …  It is essential anyhow that 
all contributors shall be taken into account like road and infrastructure. (Largely road contribution in 
noise reduction can be up to 8 dB(A), with an immediate effect on traffic noise, differently from the 
vehicle noise constraints). The ranking will heavily depend on vehicle type and technologies (engine 
type, vehicle design), as well as from the speed range which is considered. Also, the road 
technologies (pavement) will heavily impact the ranking. [WDK - Wirtschaftsverband der deutschen 
Kautschukindustrie e.V.] 

   Depends very much on driving conditions. For Leq over a lifetime, tyre/road noise is most 
dominant. For single events, with high acceleration and specific annoyance the exhaust is the 
most dominant source. Especially for sport cars and vehicles with illegal exhaust systems. [Erik de 
Graaff, M+P] 

   The tyres, exhaust and the engine are the bigger influencers for the global noise in the majority 
of the cases. [Javier Fadrique, Technical Service of Noise Approvals] 

   Broad tyres (design Question, see answer to Q13 above!) are the dominant sound sources in 
cities and on rural roads for vehicles having actual engine power at constant speed > 30 km/h. At 
acceleration at low speeds the Engine is the dominant sound source. Air intake / Exhaust, etc. is a 
problem only in aftermarket. Contribution of air intake is different for SI and PI engines. [Austrian 
Ministry for Transport, Innovation and Technology] 

M2 vehicles 

   See Q18 (M1 vehicles). [WDK - Wirtschaftsverband der deutschen Kautschukindustrie e.V.] 

   See above (M1 vehicles). Difference between motorway at high speed and single events at low 
speed. [Erik de Graaff, M+P] 

M3 vehicles 

   As for other vehicles, the ranking will heavily depend on vehicle type and technologies (engine 
type, vehicle design), as well as from the speed range which is considered. Also, the road 
technologies (pavement) will heavily impact the ranking. [The Scandinavian Tire & Rim 
Organization] 



    This is todays rating with phase 1 limit values. With future phase 3 limits tires will become 
more dominant. Engine & transmission can be noise optimized and encapsulated, tires can't be 
encapsulated. [MAN Truck & Bus SE] 

   The type approval situation is designed to capture the most important sources in normal driving, 
however the combustion is important. When more cruising is considered, tire noise will dominate. 
[Volvo Technology] 

N1 vehicles 

   Small N1 vehicles have the same behaviour than the M1 vehicles. For the other ones, the 
transmission radiation can be higher. The extra load tyres usually used on N1 vehicles can be 
more emissive. [CCFA] 

   According to a French study, for M1 and N1 vehicles, the source of exterior noise is ranked as 
follows: 

- for a vehicle speed < 50 km/h: 1) powertrain (intake + engine + exhaust), 2) tyres 3) airdrag  

- for a vehicle speed between 50 and 100 km/h: 1) tyres   

- for a vehicle speed > 100 km/h: 1) air drag 2) tyres 3) powertrain.  

[Ministry for ecological and solidary transition, France] 

   N1 vehicles depend if they are consumer vehicles or commercial vehicles. Consumer vehicles 
follow the M1 rating, commercial vehicles are what is described here - with appropriate higher limits.  
It must also be understood that commercial vehicles will typically change or upgrade tires for load 
and/or safety reasons. [Anonymous respondent] 

   The category of N1 vehicles is split into two classes. The answers are different per class. The 
given rating is for the class of bigger N1 to which the higher limits apply. The smaller N1 follow 
widely M1 principles. [ACEA (European Automotive Manufacturers Association)] 

N2 vehicles 

   This is todays rating with phase 1 limit values. With future phase 3 limits tires will become more 
dominant. Engine & transmission can be noise optimized and encapsulated, tires can't be 
encapsulated. [MAN Truck & Bus SE] 

   Same as N1. [Vitesco Technologies] 

   Due to low number of such vehicles no answer possible - it should be mid between N2 and M3. 
[Austrian Ministry for Transport, Innovation and Technology] 

N3 vehicles 

   N3 R51-03 pass-by experience. As this study aims at reducing environmental noise, the source 
contribution must be assessed on the basis of an Leq emission of vehicle. When looking at Leq the 
vehicle will be cruising most of the time during which the engine/gearbox contribution will be less 
and tyre noise will be more important! [DAF Trucks NV] 

   The N3 the tyres are big influence on G category and the engine more than the exhaust 
because the engine is out of cover in the most cases. [Technical Service of Noise Approvals] 

   For rural & motorway. For inner cities: engine 1| transmission (spur gear teeth for low speed gear 
group!) 2| exhaust 3| intake 4| tyres 5|. [Austrian Ministry for Transport, Innovation and Technology] 

 

  



 

Q19. “Do you believe that there are other components, not mentioned in Q18, that have a significant 
contribution to sound emissions?” 

  

 

Indicative replies to Q19 (original text): 

   This depends on the definition of "components" as no vehicle can drive without a road. The road 
must be considered as well. 
There is clear evidence that roads provide far better optimization potentials, especially that noise 
reduction measures can be applied locally where needed. 
Whatever will be the cost-benefit analysis for stricter limits for vehicles, the same calculation shall 
be done for better roads. [PORSCHE AG] 

   A reduction of vehicle noise limits will increase the number of contributing components which will 
make the development more complex. But future limits depend very strongly on the question, what 
kind of tyres shall be available in the future. The most important influences on traffic road noise 
reduction are well known from a lot of EU studies: Road surface, Road maintenance, driving 
behaviour, traffic situation, share of HCV, speed, ...  But also, vehicle components such as 
AVAS (in electric or hybrid vehicles, mandatory requested by law!), horns, reversing alarm and 
sirens are significant contributor to environmental noise. [AUDI AG] 

   Yes. The most significant and major impact will come from the road surface because we are 
considering tyre rolling road sound emissions. Other impacting factors will be driving behavior and 
traffic regulation (like speed). [The Scandinavian Tire & Rim Organization] 

   1. noise of tyres and especially replacement tyres are not well addressed in 540/2014. As tyres 
can be buffed for the 540/2014 test (artificially reduced noise) and noise emission of replacement 
tyres are not linked to the OEM tyre at all but depend only on the base requirements of UNECE 
R117. 
2. Gear meshing noise of N3 rear axles. Especially of hub reductions. especially for 8x8 and 
10x10 vehicles. 

[Erik de Graaff, M+P] 

   Other components like accessories, pumps, actuators, are today negligible. In case of 
eventual further reduction, they will become uselessly significant to determine the sound level 
during the test while they won't ever affect the environment noise. For such a problem: AVAS, horns 
and reversing alarm shall be considered. [FCA Italy SpA] 

Q19 replies summary: 

According to the respondents, some of the most important additional sound sources are the road 
surfaces and the driving behaviour. Other sources include: 

 The condition of road infrastructure (well/badly maintained) 

 replacement tyres 

 AVAS, horns and reversing alarms 

 after market silencers 

In the case of a further reduction of limits, auxiliaries, cooling fans, pumps and actuators are 
expected to contribute to the total sound emissions. 



Q20. “What could be the methodology in order to identify the individual contribution of different 
sources in overall sound emissions? For example, by suppressing each source individually and 
checking the difference between the individual successive configurations sound levels, other?” 

 

 

Indicative replies to Q20 (original text): 

   The classical approach of a "part source analysis" of a vehicle is common knowledge: Starting 
with testing of a vehicle on slick tyres and comparing this to the pure tyre rolling sound gives the 
contribution of the powertrain. The assessment of the contribution of the sources of the powertrain 
during cruising and acceleration with the vehicle fully encapsulated and the gas flow fully 
suppressed are measured and a ranking is done. [AUDI AG] 

   Post-processing the sound measurements would be a possible method, but technically very 
difficult and complex. [Ministry for ecological and solidary transition, France] 

   Testing: e.g. Transfer path analysis near field acoustic holography (mic array techniques). 
Simulation: e.g. Wave field synthesis [Schaeffler Technologies AG &Co. KG] 

   Several accurate methods are already available based on measurements signal processing and 
simulation. [Renault group] 

   The RD-ASEP model provides a reasonable tool to assess the contribution of the respective 
vehicle sound sources, based on the pass-by measurement result input of your vehicle. [Faurecia 
Clean Mobility] 

   The traditional windowing/suppressing technique (as mentioned above), TPA, Acoustic 
camera (which identify but not quantify sources), etc. [Volvo Technology] 

   Different methods possible: Pass by (engine turned off) for tyre noise. Drum measurements for 
tyres. Beamforming for exhaust, engine etc. [RIVM] 

 

  

Q20 replies summary: 

The suggested methods for identifying the individual contribution of different sources include: 

 post processing of the sound measurements to define the contribution of each source 

 signal processing and simulation (e.g. wave field synthesis) 

 source quantification 

 transfer path analysis (TPA) and OPAX 

 acoustic holography methods 

It is also mentioned that the RD-ASEP model provides a tool that could be used to assess the 
contribution of the respective vehicle sound sources. 

The most commonly suggested method consists of testing a vehicle on slick tyres and comparing 
this to the pure tyre rolling sound during both cruising and acceleration, while the engine is fully 
encapsulated, and the gas flow is fully suppressed. 



 

Q21. “Do you believe that lowering the sound limits of M- and N-category vehicles would result in 
making certain sound source(s) on the vehicles increasingly important?” 

 

 

Q21 chart: 

 

 

Indicative replies to Q21 (original text): 

From those who answered “Yes” 

   With phase 3, the noise from the tyre road interaction becomes even more dominant 
contributor. New technology (electric motors) would eliminate the combustion noise but all other 
sources - in particular tire/road noise - will remain. [CCFA] 

   Tyre road noise will be even more dominant than it is already now. [Erik de Graaff, M+P] 

   Tires would be extremely important for any lowering of sound limits. [Volvo Cars] 

   Tyres rolling sound will be more important during a range from 50 to 100 km/h. [Schuettler, 
Federal Ministry of Transport and Digital Infrastructure, Germany] 

From those who answered “No” 

   A reduced sound level can only be achieved if the contributing sound sources are balanced 
out, otherwise the efficiency of a noise reduction measure will go down. However real world driving 
put a high emphasis on tyre rolling sound. Therefore, this source will always be predominant. for 
M1/N1 vehicles. [VDA (German Car Industry Association)] 

   Clearly NO, it will be the other way around. Whatever is acoustically dominant, must me reduced 
first, otherwise the efficiency of the considered measure is drastically reduced. [PORSCHE AG] 

   Once you reduce a dominant sound source, remaining sound sources are exposed. This is why 
reductions in sound levels are inherently difficult. For M1/N1 the tire/road noise is dominant now 
and will be so in the future. [Anonymous respondent] 

   A low noise vehicle shows necessarily always good balanced noise sources. [MAN Truck & Bus 
SE] 

   In theory yes but practically, tire rolling sound will always be the main contribution. [FCA Italy 
SpA] 

Q21 replies summary: 

In general, 44% of the respondents believe that lowering the sound limits will result in making other 
sources increasingly important, like tyre rolling noise. On the other hand, lower sound level limits 
could result in reduction of one or more contributors and as a result the contribution of each sound 
source would shift. 



From those who answered “Partially” 

   Directionally any reduction of total vehicle noise emission level may increase the relative 
importance of optimized components. [WDK - Wirtschaftsverband der deutschen 
Kautschukindustrie e.V.] 

   Lowering limits will result in reduction of one or more contributors during R51-03. The balance 
therefore will shift somewhat. Whether the balance during cruising conditions will also shift remains 
to be seen. [DAF Trucks NV] 

   It makes no sense to lower the limit values if the measurement procedure doesn’t cover normal 
speed on rural roads and motorways! Measurement for heavy duty ends at low speeds, but 
transmission sound is much more dominant at motorway speed (i.e. 90 km/h) - for some vehicles 
(semi-trailer tractors) louder than the tyres. [Austrian Ministry for Transport, Innovation and 
Technology] 

From those who answered “I don’t know” 

   Remark: Sound sources that have been masked before (e.g. engine/intake noise) may become 
audible and hence important with regards to pass-by noise. [Faurecia Clean Mobility] 

 
 

  



 

Q22. “In any case, what would be your proposal for reducing the sound emitted from the non-exhaust 
sources and components in M- and N-category vehicles?” 

 

 

Indicative replies to Q22 (original text): 

   Consider the sound reduction potential of the road versus the tyre reduction potentials. This 
reduction measure is effective immediately and for all vehicles (even old ones) from the beginning 
of the resurfacing! Even today in many noise sensitive areas too loud and too old roads are used. 
Bad roads increase the tyre rolling sound components dramatically. As long as this potential is not 
used, the potentials for a quieter environment is not used. It does not make sense to discuss quieter 
vehicles, as long as these main sources of traffic noise are not reduced (holistic approach, see 
several EU-funded studies!). So, our proposal is to consider the part source distribution as 
requested under question 32 on a bad road instead of an ISO 10844 test track. It will definitely look 
differently compared to today's method on asphalt acc. to ISO 10844. [AUDI AG] 

   The noise optimization of road surface under a holistic approach, by introducing an ad-hoc 
requirements (ex: introducing of noise requirements in national public tenders at member state level 
for roads) would be the most efficient method to reduce the global sound emission level in relevant 
areas. [The Scandinavian Tire & Rim Organization] 

   Tyres and road surface optimisation in general low noise design vehicle aerodynamic noise 
reduction. [Schaeffler Technologies AG &Co. KG] 

   A lot of other device/parameters could be much more efficient on the real road noise. For 
instance, the impact of the road type (paving stones vs. smooth road surface) and its quality level 
has a huge impact on the noise level as showed in different studies (see documents from the NL 
presented at GRB since 2017). We should consider perceptive approach on real noise annoyance 
and develop new criteria. [Renault group] 

   Tire noise can be reduced by improving tires, but by improving roads (renewing old roads, quiet 
asphalt…), of cause, too. Prevent or shield roads with a lot of traffic from living areas. [MAN Truck & 
Bus SE] 

   With the implementation of RD-ASEP, the operation condition control range will be extended. 
Accordingly, the variance in vehicle noise source contribution ratio during testing increases. That 
will also draw attention to non-exhaust sources, e.g. at very high speeds and low loads, tyre noise is 
becoming dominant, while at very low vehicle speeds the engine noise radiation source may 
become dominant. [Faurecia Clean Mobility] 

   Taking care of driving behaviour. Improve road surface quality. Avoid tampering. [Ministry of 
Transport - Division of international technical rules] 

Q22 replies summary: 

Suggestions for reducing the sound emissions from the non-exhaust sources include: 

 silent road surfaces 

 anti-tampering measures 

 shielding for heavy duty vehicles 

 smaller tyres for passenger cars 

 aerodynamic noise reduction 

 improved driving behaviour 



   Shielding, encapsulation, absorption around components.  For tires it is very complicated. 
[Volvo Cars] 

   Heavy Duty vehicles (trucks and semi-trailer tractors): shielding of transmission - no 
development necessary. This shielding was necessary in the beginning of the 90s for “low sound 
emission trucks” (“Lärmarme Kraftfahrzeuge”) allowed to travel in Austria during the night. After 
entry into force of Directive 96/20/EC the shielding disappeared….  
Low Duty (especially passenger cars): the tyres should be as small as possible – this would also 
lower the CO2 emissions of cars. Wider tyres for passenger cars and pick-ups with low nominal 
aspect ratio (Section height - section width) shouldn’t benefit from higher limit values for sound 
emissions like today in UN-R117 (and in the GSR). Wide tyres with low nominal aspect ratio are not 
necessary and are a design element only for passenger cars and small N1 vehicles. [Austrian 
Ministry for Transport, Innovation and Technology] 

 

 

  



 

Cost/benefit impact from a (possible) expected sound emissions reduction 

New vehicles 

Q23. “According to your opinion, the contribution of lower sound limits of M- and N-category vehicles 
in protecting the environment and human health would be: 

□ High                                □ Low                              □ Medium                          □ I don’t know” 

 

 

Q23 chart: 

 

 

Indicative replies to Q23 (original text): 

From those who answered “High” 

   Noise of vehicles is one of the main sources of noise pollution for people. One of the aims of 
directive 2002/49 is to reduce the harmful effects due to exposure to environmental noise. The most 
effective way to do so is to reduce the source emission. The contribution to noise of L category 
vehicles is more important than M and N in urban area, in zone with low speed limits. [Ministry for 
ecological and solidary transition, France] 

   Especially at low speed roads and places/routes with high annoyance of single events. [M+P] 

From those who answered “Medium” 

   Negative effects of vehicle/traffic noise on the environment and human health is evident and 
needs to be improved. An efficient improvement includes robust test cycles and off-cycle 
requirements (e.g. RD-ASEP) capturing typical driving conditions, while a simple reduction of Annex 
3 levels - without robust test cycles and off-cycle requirements behind - is less efficient. [Faurecia 
Clean Mobility] 

   I think the category of trucks, sports cars and motorcycles are the most important to focus on 
for improved human health. It is the maximum levels in e.g. the bedroom that disturbs the sleep, 
therefore those categories are very important. [Volvo Cars] 

Q23 replies summary: 

Almost half (45%) of the stakeholders suggest that lower sound limits will have a low contribution in 
protecting the environment and human health, as the reduction in real life sound emissions would be 
minimal. The rest, noted that lower sound limits along with additional measures (different test 
cycles and off-cycle requirements like RD-ASEP, road surface optimization and absorptive 
materials on buildings’ facades), would have a high or medium contribution in environmental and 
human health protection. 



   Measures in infrastructural planning, road surface optimisation and absorptional measures on 
facades of buildings. [Bugatti Engineering GmbH] 

From those who answered “Low” 

   A reduction of 1-5 dB will not solve the environmental noise problems. Even less when it is 
considered, that by lower vehicle noise, measures for noise abatement could be reduced. A good 
solution is only possible, if many actions are taken in time synchronized way. Traffic noise is the 
same as the overall vehicle noise. If no action is taken on the most dominant source, the efficiency 
of any other measure will go down. [PORSCHE AG] 

   The sound reduction potential of the vehicle for traffic noise reduction (Leq) is low. The 
environment will not feel a big progress, as long as there is no holistic approach followed (amount of 
traffic at a particular road, road surfaces, driving speeds, driving behaviour, better traffic 
surveillance, ...). The reduced sound emission by regulation on products is only available, if the 
situation in the environment is comparable to the type approval situation. This is in most cases not 
given. The END does not provide any information about the road situation at a given situation. 
Vehicles are most quiet, when they can cruise at moderate speeds. It must be assured that many 
such traffic situations allow this. The contribution of other measures than reduced limits on products 
will be much higher. Progress for the environment must be a synthesis of all measures. [AUDI AG] 

   The Type Approval values today are only beneficial to community noise if the road surface is of 
the quality of the ISO 10844 track or better. This is not the case in real driving. The ISO 10844 
surface gives a result which highlights the vehicle sources which are under the control of the 
manufacturer. The roads are under the control of the governments. Type approval also does 
nothing for single events. Type approval also does not comprehend when the roads are wet, this 
must be included in benefit assessments - this percentage of time the sound emissions from all 
vehicles are higher, and the vehicle/tires have almost nothing to do with this. A proper benefit 
assessment will include such effects as well as the differences in dry road effects. [Anonymous 
respondent] 

   Type approval tests are performed on an ISO surface. Real driving surfaces are, in most 
cases, far from ISO's one. Also checks on driving behavior would be very effective in protecting the 
environment [FCA Italy SpA] 

   The UTAC/TÜV report (ACEA website) illustrated different limit value scenarios and showed that 
the reduction on the vehicle have limited effect on the traffic noise. Other measures, such as 
maintaining the infrastructure - roads and traffic control - has larger impact. [Volvo Technology] 

  



 

Q24. “Do you believe that lower sound limits of M- and N-category vehicles could contribute to the 
reduction of individual special noise events? For example, noisy pass-by vehicles in villages and 
quiet rural areas, noisy events during weekends and holiday periods, real-world traffic noise (in 
congested urban areas), and better individual vehicle sound control.” 

 

Q24 chart: 

 

 

Indicative replies to Q24 (original text): 

From those who answered “Yes” 

   Undoubtedly, reducing the noise limits of M and N category vehicles contributes to the 
reduction of individual special noise events. At a low speed limit, (less than 60 km/h), the motor 
noise overrides the rolling noise. As a consequence, every reduction of sound limit lowers the 
environmental noise. L category noise also contribute to individual special noise events. [Ministry for 
ecological and solidary transition, France] 

   Also depends on enforcement. Noisy exhausts (retrofit) needs to be banned and noise limits for 
motorcycles are needed. [RIVM] 

From those who answered “No” 

   We suggest a study on "single events", as was done by the city VIENNA in Austria (LIFE99 
NV/A/000394). There are so many answers to the question of annoying single events. Whatever 
would come close to the noise regulation of vehicles is reckless driving, manipulation and illegal. 
[PORSCHE AG] 

   Technical measures (and checks via ASEP, ...) can only help to reduce annoyance by single 
vehicles. But this does not require a reduction the general limits! Any vehicle is driven by a driver, 
who should respect his responsibility towards other people. Better surveillance of the individual 
driving behaviour is needed. This would be the most efficient measure for the reduction of 
individual special noise events. Roadside checks of manipulated vehicles should be increased. 
[AUDI AG] 

Q24 replies summary: 

Almost half of the survey participants (48%) believe that lowering sound limits will not have a 
significant effect on reducing the frequency of individual special noise events, as these are mainly 
caused by tampered vehicles or from inappropriate driving behaviour. Instead in-use testing along 
with ASEP is suggested for controlling single noisy events. 

On the other hand, 10% of the respondents answered positively, as they think that every reduction 
in sound limits contributes to the reduction of individual special noise events. 

Do you believe that lower sound limits of M- and N-category vehicles could contribute to the reduction of individual 
special noise events? For example, noisy pass-by vehicles in villages and quiet rural areas, noisy events during 

weekends and holiday periods, real-world traffic noise (in congested urban areas), and better individual vehicle 
sound control. 



   ASEP helps in case of deviation from type-approval but not sufficient for single events. But this 
does not require a reduction the general limits. Tuning of vehicles including motorcycles is a big 
contributor, also horn, road defects ... In a certain limit, reducing background noise is reducing the 
masking effect of single events. [CCFA] 

   Annoyance by single vehicles will unlikely reduce with lower limits. For passenger cars ASEP 
can help to reduce annoyance by single vehicles. But this does not require a reduction the general 
limits.   Overly strict limits will increase the risk of manipulation of products. The in-use control is 
today rather poor. [DAF Trucks NV] 

   Single events are mostly a question of driving behaviour and manipulation. This is a subject 
for local control. Local single noise events are not limited to traffic noise alone, there are many other 
sources. Lower limits increase the risk for manipulation, as we have seen for L-categories. One 
modern type approved vehicle, which is driven in a normal way, does not create any annoyance. 
ASEP ensures, that type approved products follow a sound emission, as can be expected from the 
physics. [ACEA (European Automotive Manufacturers Association)] 

From those who answered “Partially” 

   Most of the annoyance of single events is due to illegal exhausts and aggressive (illegal) 
driving behaviour.  But type approval is an important part of closing the loopholes in the system. 
Type approval is the front door, but don't forget to close the back door (in use compliance/roadside 
checks). [M+P] 

   Not sound limit, but measurement and certification procedure have a dominant effect. [Vitesco 
Technologies] 

From those who answered “I don’t know” 

   However, issues due to the individual driving behaviour and/or the use of non-compliant (not 
type-approved) exhaust systems will neither be impacted nor improved with a noise level limit 
reduction. [Faurecia Clean Mobility] 

  



 

Q25. “Could you please provide an indicative estimate of the cost that will be possibly incurred from 
the introduction of lower sound emission level limits for the new M- and N-category vehicles? Your 
answer may be given as an absolute value (in €) or relative to expected sound emissions reduction 
(in €/dB(A)) and may include investment and R&D costs, manufacturing and technology costs, repair 
and maintenance costs, additional testing costs, other.” 

 

 

Indicative replies to Q25 (original text): 

   See ACEA-study from 2011. Our company has increased the human resources dealing with 
exterior noise by 100% in the last years. The forecast is to further build up capacities. We have two 
test tracks instead of 1 test track before. This should give a rough indication, that costs for noise 
reduction components will increase. [PORSCHE AG] 

   See ACEA study performed in 2011. [CCFA] 

   Will be larger than the current costs, if possible at all. Most likely result is the overall vehicle 
portfolio will change in ways which will diverge EU vehicles further from China/North America 
vehicles, with other costs relative to reductions in scale and reductions in vehicles available to 
consumers. The piece cost is only a small part, if it can be technically developed. Again, there are 
EV's which cannot make 68 today, so a reduction in limits will impede the transition to EV adoption 
across all vehicle segments desired by customers. [Anonymous respondent] 

   The average cost of sound level reduction per model to achieve the Stage 2 was around 
100€/dB. An estimation for Stage 3 is 180€/dB. [Ministry of Transport - Division of international 
technical rules, Italy] 

   To reduce 1-2 dB lower, it is estimated 80 €/vehicle. [Suzuki, Automobile Performance 
Development Department] 

  

Q25 replies summary: 

Regarding the cost that will be possibly incurred from the introduction of lower sound emission level 
limits, most stakeholders refer to a study by ACEA (Louis-Ferdinand PARDO, Heinz STEVEN, 
“MONITORING PROCEDURE IN THE VEHICLE NOISE REGULATION, ECE R 51 monitoring 
database and cost/benefit analyses”, 2010). A few respondents mentioned that 80-200 €/dB for every 
new vehicle is expected in order to conform with current phase 3 limits. The cost is also expected to 
be affected by the actual limit reduction. 



Existing fleet 

Q26. “Do you believe that lower sound limits could apply to the existing fleet through suitable vehicle 
adaptations?” 

 

 

Q26 chart: 

 

 

Indicative replies to Q26 (original text): 

From those who answered “No” 

   Whatever measure is applied to powertrain and exhaust systems cannot be transferred to 
already existing types. This would require re-homologation, durability and safety tests. Quieter tyres 
might be fitted to existing vehicles, provides customers would accept the overall performance of the 
tyre. A quieter road will affect the whole vehicle fleet and is therefore the most transferrable 
measure. [PORSCHE AG] 

   Sound reduction measures are always vehicle specific measures and cannot be 1:1 transferred 
to other vehicles. Furthermore, a change of an existing type approved vehicle would invalidate its 
type approval certificate. In addition, even if measures would be transferable, a full vehicle 
development, validation and re-certification will be required. A measure may be in conflict with 
other regulations. [ACEA (European Automotive Manufacturers Association)] 

   This is a practical impossibility due to the necessity to design, validate, and retrofit these 
devices on vehicles.  Customer response to vehicle recalls is partial at best, there is no experience 
to say this would have any benefit or use to customers. Tire improvements will naturally flow if 
there is a tire technology breakthrough to provide quieter tires without degrading other performance.  
At present, quieter tires have trade-offs, for example braking, in real world testing. [Anonymous 
respondent] 

   Existing fleet achieves phase 2 limits. Suitable vehicle adaptations should enable to reach 
phase 3 limit only. [Anonymous respondent] 

From those who answered “Partially” 

Q26 replies summary: 

Most respondents answered negatively to this question, as any measures that are applied to the 
powertrain and exhaust systems cannot be transferred to already existing vehicles. This would 
require re-homologation, durability and safety tests. What can be done to existing vehicles is the use 
of quieter tyres.  



 

   Retrofit is possible for exhaust system but should be defined and harmonized and be cost 
effective. Mandatory application should be left to national/local authorities. [Ministry for ecological 
and solidary transition, France] 

   Providing quieter tyres is the only way to reduce the external noise of vehicles in the field. No 
further changes can be implemented. [BMW AG] 

   No retrofitting should be provided. Additional measures for replacement parts (promotion of 
smaller tyres + wider tyres for passenger cars with low nominal aspect ratio having same sound 
level limit like small tyres). [Austrian Ministry for Transport, Innovation and Technology] 

 

  



Q27. “In continuation of Q26, could you provide an indicative cost estimate (e.g., in €/vehicle), so 
that an existing vehicle can adapt to lower reference values (i.e., same reduction as in Q7)?” 

 

 

Indicative replies to Q27 (original text): 

   According to recent information from road builders, special quiet road surfaces (e.g. micro-
asphalt) have become more price efficient, as they are more often requested. 
We suggest to have a validation study (noise before and noise after) such roads have been laid 
down. [PORSCHE AG] 

   The adaptation is not possible. [CCFA] 

   Adaptations not possible. [Renault group] 

   No answer, no information on cost to be provided. [DAF Trucks NV] 

   Primarily the cost of more silent tires. [Volvo Cars] 

   No retrofitting - no costs. [Austrian Ministry for Transport, Innovation and Technology] 

 
  

Q27 replies summary: 

Survey participants did not provide an estimate as retrofitting is not considered feasible. It is also 
mentioned that the only costs that might be related to the adaptation of the existing fleet to lower 
limit values, are the costs for the application of alternative measures (quieter tyres and road 
surfaces). 



 

References and other points 

Q28. “Please provide any other comments or remarks not addressed above.” 

 

 

Indicative replies to Q28 (original text): 

   L_eq: A simple reduction of the noise limit value of a vehicle at type-approval will not be very 
helpful for the reduction of the L_eq (which is the energetical average of a daily and a yearly value 
calculated in 25m distance and 4m height). Accordingly, the effect for the reduction of adverse 
health effects will be very low, as long as real-world driving is not really considered.   
Annoyance: People are not ANNOYED by the L_eq but by the number and sound level of noise 
occurrences. The pure figure of the L_eq = x dB is a very weak indicator for annoyance. Up to 
now, the results of the many EU-funded studies of the recent decades ("holistic approach") (CALM, 
SILENCE, IMAGINE, HARMONOISE, ...) have not been considered enough by politicians. As long 
as communities can easily refuse to take on responsibility referring to their low budget, the situation 
will not change significantly, neither for L_eq nor for single events (annoyance). [AUDI AG] 

   This study must include a whole environmental approach (2002/49/EC): road effects, single 
events, real contribution of vehicles in the sound scape (quantitative & qualitative), costs... [CCFA] 

   Measurement variability due to several parameters, e.g. tracks, ambient conditions, etc. should 
be addressed, especially when severe limits will be in place. This is an important topic for market 
surveillance, see GRBP document 71-04. [Ministry for ecological and solidary transition, France] 

   The limit values have been tightened step by step since the EEC Directive (S1), and we 
understand the effect of tyre noise reduction has contributed to the reduction of whole vehicle noise. 
However, threshold on noise sources other than tyres have also been tightened, and it is not sure 
whether the relative contribution ratio of tyre noise to vehicle noise has been reduced. Furthermore, 
with regard to effect of tyre noise regulation on road traffic noise, we are not aware because we 
have no opportunity to access such official document. Discussions on the possibility of tighter tyre 
noise limit is proceeding, but it is more important to assess the impact of the tyre noise on the road 
traffic noise and then, quantitatively identify the effect. [The Japan Automobile Tyre Manufacturers 
Association, Inc.] 

   We propose that it is better to improve traffic noise promoting autonomous and improving 
pavement road. [Suzuki, Automobile Performance Development Department] 

   Traffic management, e.g. round-abouts instead of crossings with traffic lights, absorbent 
surfaces, infrastructural planning. [Bugatti Engineering GmbH] 

Q28 replies summary: 

In addition to the responses provided in Q1-Q27, some additional remarks are summarized below: 

 Annoyance is considered to be caused mainly by single loud events. Reducing sound 
limits is not expected to reduce the occurrence of these events.  

 It is considered necessary for this study to have a holistic approach, taking into consideration: 

o Silent road surfaces 

o Silent tyres 

o Traffic management 

These should be considered as part of the solution for lower sound emissions. 

 Measurement uncertainties should be assessed, before re-evaluating the limit values.  



   Artificial sound sources (like additional loudspeakers, controlled by vehicle systems or by 
mobile phone apps, several sounds selectable) should be prohibited - also for the aftermarket; it is 
impossible to prohibit the sale and use of them on national basis. Measurement procedure should 
cover motorway speeds for N2, N3, M2, M3 vehicles (transmission sound!) together with 
appropriate sound limits for that higher speeds. [Austrian Ministry for Transport, Innovation and 
Technology] 

 

 

  



 

Q29. “Please provide references for further details to the extent possible (documents, literature, 
practical examples, own measurements).” 

Indicative replies to Q29 (original text): 

   WHO study on noise and annoyance,  
ACEA Study 2011 Monitoring Procedure in the Vehicle Noise Regulation, 
ACEA presentation WUHU 2017, 
IWG ASEP MODELL or ROTRANOMO to consider the impact of a single vehicle in the street. 
[VDA (German Car Industry Association)] 

   Sylvie project, VIENNA 2000, 
EU ROTRANOMO 2002/2003. [PORSCHE AG] 

   See the vast literature on road traffic noise reduction measures (internet).  See Research 
Project "ROTRANOMO" to consider the impact of a single vehicle in the street. (The Project 
ROTRANOMO elaborated a tool to calculate road related noise emissions in order to meet 
standards of the EU Noise Directive "Assessment and Management of Environmental Noise".) 
https://www.polisnetwork.eu/project/rotranomo/   See IWG ASEP MODELL to assess the sound 
in real streets (Doc. GRBP-71-24 
https://wiki.unece.org/pages/viewpage.action?pageId=2523476 )  Effect of wear / particulate 
mater from tyres: Doc. GRBP-70-16  Potential of "road-labelling": Doc. GRB-68-29e  Road: NL 
WD 1/19: ECE/TRANS/WP.29/GRB/2019/2 - (Netherlands) Revised proposal for a draft 
Resolution on road surface labelling 
http://www.unece.org/fileadmin/DAM/trans/doc/2019/wp29grb/ECE-TRANS-WP.29-GRB-2019-
02e.pdf. [AUDI AG] 

   We recommend to consult all noise observatories in Europe deploying the Regulation 
2009/49/EC (for instance in France BRUITPARIF , ACOUCITE).  See also different ACEA 
presentations as those done in WUHU 2017, NL presentations done at GRB on road labelling 
since at least 2017 and all other related studies.  The ACEA study from 2010 explained that 
reducing the vehicle noise (propulsion noise) have a limited effect on the traffic noise. [CCFA] 

   https://circabc.europa.eu/sd/a/83f00b66-f593-414a-9695-f537879a46fe/report-
venoliva_en.pdf     
https://www.acea.be/uploads/publications/Monitoring_procedure_in_the_vehicle_noise_regulatio
n.pdf  
https://www.bruitparif.fr/pages/En-
tete/500%20Projets%20de%20recherche/230%20Articles%20scientifiques/2019%20-
%20Medusa,%20a%20new%20approach%20for%20noise%20management%20and%20control
%20in%20urban%20environment.pdf 

RotRaNomo approach - was a traffic flow model, with the capacity to assess the sound with and 
without the powertrain part, the tire part etc. [Volvo Technology] 

   I have been working in vehicle NVH area since more than 2 decades represented from INDIA 
to attend GRB. Increase vehicle power and speed along with the driver driving skill using proper 
gears cruising particularly manual transmission are two. [AUTOMOTIVE RESEARCH 
ASSOCIATION OF INDIA] 

   Sound generator for sale: see google... Transmission noise of N3 on motorways: drive with 
your motorcycle beneath a semi-trailer combination / truck / bus in a tunnel. [Austrian Ministry 
for Transport, Innovation and Technology] 

   WHO study on noise and annoyance,  
ACEA Study 2011 Monitoring Procedure in the Vehicle Noise Regulation 
ACEA presentation WUHU 2017 
IWG ASEP MODELL or ROTRANOMO to consider the impact of a single vehicle in the street 
 
We also recommend to consult all noise observatories in Europe deploying the Regulation 



2009/49/EC (for instance in France BRUITPARIF , ACOUCITE). [ACEA (European Automotive 
Manufacturers Association)] 

  



 

Personal and institutional information 

Q30. “Please state your name, company/institution and responsibility, e-mail, telephone number, 
etc.” 

 

Contact details of respondents are available at “Annex II: Filled in questionnaires received”, 
“Technical entities questionnaire.xlsx”, worksheet “Q32”. 



Questionnaire aimed at social partners 

Environmental and health impacts of sound emissions from M- and N-
category vehicles 

Q1. “Do you consider excessive sound emission levels (noise) from the vehicles listed below to be 
a significant problem in your everyday life?”       

Q2. “Based on your answers in Q1, do you consider that the excessive sound comes from:” 

 

 

Q1 charts: 

Do you consider excessive sound emission levels (noise) from the vehicles listed below to be a significant 
problem in your everyday life? 

 

Q1-Q2 replies summary: 

According to the respondents, excessive sound emissions seem to be a problem in their everyday 
life. They mention that M1 and N1 vehicles are the main source of the sound emissions. Also, it is 
clear that the negative effects of excessive sound emissions mainly come from individual events. It 
is mentioned that a small part of fleet is responsible for this issue. This includes drivers with improper 
driving behaviour of M1 vehicles (sport cars or tampered vehicles) and drivers of delivery trucks 
who usually work under pressure. 



 

 

Q2 chart: 

 

 

Indicative replies to Q1 (original text): 

   For cars, it depends on the number of vehicles. [BRUITPARIF] 

   Sound annoyance is more a question of peaks / transients that quasi constant background 
noise which is mostly Ok now. [Anonymous respondent] 

   Situation 1: Normal driving behaviour: The high emissions combined with the large number of 
vehicles lead to noise impacts which are partially far above WHO noise targets. 
Situation 2: Excessive emissions of single cars (manipulation, driving behaviour) are very 
disturbing and should be avoided via engine management (limiting high engine speeds). [Arbeitsring 
Lärm der DEGA] 

   A growing share of the M1-fleet is equipped with supposedly sportive sound enhancement 
features, e.g. sound generators and exhaust systems with flaps. These vehicles can emit excessive 
noise levels while conforming to the type approval legislation, a deficiency of the type approval test 
procedure and control system that should be addressed by the DG Grow. [Umweltbundesamt] 

   Many N1 are transporter (e.g. courier service) driven by people working under time pressure, 
so they accelerate hard and drive the vehicle under high rpm level. Heavy trucks inside a city 



(Stuttgart) working under full load condition. But not all, in my opinion it depends to driver as well.  
M1 vehicle is a very special group, disturbing are manipulated vehicles or riding under really high 
rpm level ( 5000 1/min for a second. (misuse) done by " young people, very high powered > 300 KW 
or "tuned" by manipulation of exhaust pipes. Regular M1 are quiet, especially the newer cars ( ~ 
2017 or younger). [Vehicle industry] 

   Overall sound pressure levels in city centre remain high, much from idle/slow traffic noise. 
[Simon Wood – BT] 

   Cars with valve exhausts or sport exhausts are very annoying. There is no night to sleep 
through, since high power sport cars and many other cars of sport kind are much too loud!!! [Citizen 
of Germany] 

   The question if you consider sound emissions as a problem is dependent of the vehicle engine, 
tyres, speed, behaviour of the driver (driving in too low gear, excessive accelerating, 
environment, personal perception, etc. in short: too many variables to give a simple answer to your 
question. [FEMA] 

   The problem is not the monotonous level of noise, but high peaks of manipulated (tuning) 
cars and motorbikes. It is easy to ignore the basic background noise of traffic at daytime at work or 
at home, but peak noises of deliberately loud vehicles are bothering and interrupting, especially at 
night or late evening they wake up people, especially children. The legislation to stop this is not 
sufficient, unclear and poorly implements. [Julius Kühn Institute] 

 

 

Indicative replies to Q2 (original text): 

From those who answered “Individual events (the minority of passing vehicles)” 

   For the total of the traffic flow, it depends on the number of vehicles. [BRUITPARIF] 

   Road defects, sewer plates, rails, etc, and mostly horns and two wheelers, delivery trucks... 
[Anonymous respondent] 

   Individual events for M1 (and L3), total traffic flow for the others. [Umweltbundesamt] 

   Young drivers, manipulated vehicles. The total of traffic flow: I can follow in cases of highways 
close to urban areas (Germany A81 Asperg). [Dirk Volkenborn (Vehicle industry)] 

   But it’s so annoying - because of the peaks of noise! [Citizen in Germany] 

   It seems that there are still a lot of older vehicles on the road furthermore, some of the vehicles 
are following different standards. [Anonymous respondent] 

   Certainly, it is only a very small percentage <2% of drivers causing 95% of the noise 
annoyance. [Julius Kühn Institute] 

   Noise emissions due to cycle beating of producers in sports- and show cars - and especially in 
motorcycles. Additional parts from the market to make the cars "legally" louder. [BUND - 
Arbeitskreis Verkehrslärm] 

From those who answered “The total of the traffic flow” 

   Both answers are correct, but the majority of cases belong to the total of the traffic flow 
[Arbeitsring Lärm der DEGA] 

   Static noise and low speed in a built urban environment. [BT] 

   The effects of soundwaves introduced into the environment are cumulative. The volume can 
increase further if these waves are "in phase". [Anonymous respondent] 

 



 

  



Q3. “Do you believe that there are differences in the kind of the current technological solutions used 
for achieving the sound level limits of the different M- and N-categories, as mentioned in Q1?” 

Q4. “With reference to Q1:  

a) During which period of year do you consider that the problem is more intense?  

b) When do you consider that excessive vehicle sound emissions (noise) are experienced? 

c) What is the effect of excessive vehicle sound emissions (noise)?”   
    

 

Q3 charts: 

Do you consider excessive sound emission levels (noise) from the vehicles listed below to be a 
significant problem in your everyday life? 

 
 

Q3-Q4a-Q4b-Q4c replies summary: 

Excessive sound emissions are experienced mainly in urban areas, throughout the year and 
during the whole day. More specifically, in weekdays the sound emissions mainly come from 
delivery trucks (N1 and N2 vehicles) and the big traffic flow while during the weekends M1 vehicles 
are the main source and especially tuned/manipulated vehicles. 

Noise causes annoyance, disturbance, concentration loss, sleep disturbance and awakening. 



 

 

Q4a chart: 

 

 

Q4b chart: 

 

 

 

Q4c chart: 



 

 

Indicative replies to Q3 (original text): 

   In urban areas, road noise impacts a large number of people. [BRUITPARIF] 

   2 wheelers not in the questionnaire? yet they are the major source of annoyance in town. 
[Anonymous respondent] 

   Large numbers of vehicles occur mainly in urban areas. Additionally, the distances between 
source and receiver are often quite short. [Arbeitsring Lärm der DEGA] 

   Manipulated or tuned M1 in all areas, these drivers are interested in sound. Heavy trucks on 
highways have tyre road noise, sometimes a whining noise. N1 and N2 inside urban areas, 
delivery service. [Dirk Volkenborn (Vehicle industry)] 

   Difficult question, motorways affect rural (and urban) areas. Heavy trucks are mainly used in 
motorways, in Rural and Urban less so. Prevalence is most important. [RIVM] 

   Urban areas are most likely affected due to the likelihood that other drivers/pedestrians are in 
the environment without hearing protection. [Anonymous respondent] 

   Extra loud vehicles are a disturbance for people living close to streets in cities and villages, but 
they may also bother wildlife (I have no in-depth information on the latter). [Julius Kühn Institute] 

 

Indicative replies to Q4a (original text): 

From those who answered “Workdays” 

   Higher number of vehicles. For situation 2: weekends are more important. [Arbeitsring Lärm 
der DEGA] 

   Particularly during heavy traffic from cars at the beginning and end of the workday. 
[Anonymous respondent] 

From those who answered “Weekends” 

   On weekends with nice weather there are the motorbikes which have to be added! In the nights 
there are often illegal car races with lots of noise. There is no more night to sleep through! [Citizen 
in Germany] 

From those who answered “All” 

   When there is less vehicle (weekend or holiday), the speed is often higher which keeps the 
noise level constant. [BRUITPARIF] 

   Dependent of the kind of vehicle: e.g. trucks usually drive on workdays. [FEMA] 

 



 

 

Indicative replies to Q4b (original text): 

From those who answered “During the day” 

   All day long, with particular sensitivity of the population in the evening and at night. 
[Umweltbundesamt] 

   During the day: delivery service (N1/N2), in the evening or at night tuned M1 Highway M3 all 
the time. [Dirk Volkenborn (Vehicle industry)] 

   Dense low speed and stationary traffic. [BT] 

   No clear answer. Depends on location, season/weather conditions. [RIVM] 

   Before and after normal business hours. [Anonymous respondent] 

From those who answered “In the evening” 

   Mostly in the evenings, but also in the nights, especially at weekends. [Citizen in Germany] 

From those who answered “At night” 

   Sleep quality is very important in terms of health impact. [BRUITPARIF] 

   Horns and two wheelers are particularly annoying at night. [Anonymous respondent] 

   Night-time is more sensitive though the amount of vehicles is smaller. [Arbeitsring Lärm der 
DEGA] 

   Actually all day, but its most annoying at night when it wakes up the children and during 
worktime when it inhibits telephone calls or interrupts conversations and concentrated work. [Julius 
Kühn Institute] 

 

 

Indicative replies to Q4c (original text): 

Most respondents mention that the effects of excessive vehicle sound emissions (noise) are 
all mentioned in Q4c (annoyance, disturbance, concentration loss, sleep disturbance, 
awakening). 

From those who answered “Annoyance” 

   Again, this varies with many parameters: when you live near a motorway, in a city, near a busy 
main road leading into the city, on a rural road with much leisure traffic, etc. the effects differ much. 
No single answer is possible here. [FEMA] 

From those who answered “Disturbance” 

   Being startled by a motorbike starting or by the delivery truck doors banging, or by horns / 
those are all "inadvertent' noise sources. [Anonymous respondent] 

   Sound pollution and an increased prevalence of hearing loss. [Anonymous respondent] 

From those who answered “Sleep disturbance” 

   Sleep quality is very important in terms of health impact. [BRUITPARIF] 

 

Q5. “Would you be willing to pay for a quieter neighbourhood with less traffic noise?” 

Q6. “Do you believe that the value of a dwelling in a quiet neighbourhood is higher compared to a 
similar one in a noisier neighbourhood and by what percentage?”     



 

Q5 chart: 

 

 

Q6 chart: 

 

Indicative replies to Q5 (original text): 

From those who answered “Yes” 

   This is an important point in terms of quality of life. [BRUITPARIF] 

   Certainly. But we should be aware, that noisy M1-vehicles could be made quieter at no cost, 
simply by action of the legislator to forbit all systems that enhance vehicle noise. 
[Umweltbundesamt] 

From those who answered “No” 

Q5-Q6 replies summary: 

Quitter neighbourhoods are important for a better quality of life and as a result 39% of the 
respondents answered positively to this question. On the other hand, 50% do not think that they 
should pay for a quieter neighbourhood, as the emitters (drivers and the industry) should cover 
this cost. 

A dwelling in a quiet area is expected to cost more and the increase in the cost is expected to be 
10-30% higher or 1% per dB below the threshold of quietness (few responses). 



 

   Neighbourhoods shall be constructed in quiet areas (impact study with the proper noise 
abatement and mitigation measures, far away from airports for example), yet the value of quiet 
zones is certainly going to go up. [Anonymous respondent] 

   Why should it be paid? [Gremi de Tallers Barcelona] 

   The polluter should pay. [Arbeitsring Lärm der DEGA] 

   Neighbourhood: Currently the new vehicles (M1) are quiet vehicles, with more money I can just 
ask the "unnormal" drivers to run lower rpm levels. But currently new vehicles are quiet enough 
(and expensive). [Dirk Volkenborn (Vehicle industry)] 

   There are people paying for additional sound and manipulations in their cars. And the industry 
earns money by this product. [BUND - Arbeitskreis Verkehrslärm] 

From those who answered “I don’t know” 

   The owners of the extra loud vehicles should pay!!! [Citizen of Germany] 

 

Indicative replies to Q6 (original text): 

From those who answered “Yes” 

   20% more. [BRUITPARIF] 

   20-30% higher, this number is going to increase. [Anonymous respondent] 

   Result of studies, 1 % per dB(A) increase above the threshold of quietness. [Arbeitsring Lärm 
der DEGA]  

   10%. [Dirk Volkenborn (Vehicle industry)] 

   Up to 20%. [RIVM] 

  



Q7. “As a pedestrian or cyclist, which of the vehicles listed below do you consider as being more 
threatening because their excessive sound emission levels (noise) distracts your attention?” 

Q8. “If you are a passenger/driver of one (or more) M- or N-category vehicle(s), how would you rate 
the sound emissions of your vehicle(s)?”        

 

Q7 charts: 

As a pedestrian or cyclist, which of the vehicles listed below do you consider as being 
more threatening because their excessive sound emission levels (noise) distracts your 

attention? 

 

Q7-Q8 replies summary: 

Pedestrians and cyclists consider vehicle sound emissions from M1, M3 and N3 vehicles 
threatening. At the same time, the sound emissions are considered necessary for safety reasons, 
as they are a warning for a passing vehicle.  

41% of the drivers or passengers of M and N-category vehicles consider sound emissions 
satisfactory while the same amount (41%) believes that they need to be lower. 



 

 

 

Q8 chart: 

 

 

Indicative replies to Q7 (original text): 

   Vehicles with high engine noise levels. [BRUITPARIF] 

   Bike every day. No issue for this. [RIVM] 

   I need some sound emission to warn me for traffic from behind. As a pedestrian of cyclists, the 
environment in which you are is usually one with low(er) speeds, where sound emissions are 
usually not a big problem. [FEMA] 

   The noise would not necessarily distract attention as it is expected that these vehicles introduce 
some level of noise. [Anonymous respondent] 



 

Indicative replies to Q8 (original text): 

From those who answered “Satisfactory” 

   The quietness on board is relevant. [Anonymous respondent] 

   My current vehicle is very quiet inside and it is nice. During a weekend I was able to drive a 
Convertible and the sound emission was slightly higher than my car, very nice not disturbing our 
neighbours. (Feedback from them). [ (Vehicle industry)] 

From those who answered “Needs to be more silent” 

   Interior noise is usually well damped. Diesel combustion noise externally is often high. [BT] 

From those who answered “Other (please specify)” 

   Driver M1 => satisfactory  passenger M3 => Needs to be ore silent. [Anonymous respondent] 

 

  



 

Suggestions for improvement of sound emission performance 

Q9. “Can you rate from 1 (most contributing) to 5 (less contributing) the main sources responsible 
for the sound emissions from M1 vehicles? If you consider more than one sources as equally 
contributing to sound emissions, please note it below.      

M1 cars 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

M2 small buses 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

M3 heavy buses 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

N1 vans 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake.The tyres. 

N2 small trucks 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres. 

N3 heavy trucks 

 The exhaust. 

 The engine. 

 The transmission system. 

 The intake. 

 The tyres.” 

 



 

Q9 charts: 

Q9 replies summary: 

M1 cars 

The most contributing source responsible for the sound emissions of Μ1 vehicles is considered to be 
the engine, followed by the tyres, and, then, the exhaust, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 2.1, the tyres 2.4, the exhaust 2.6, the transmission system 
3.8 and the intake 4. 

M2 small buses 

The most contributing source responsible for the sound emissions of Μ2 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the intake and the transmission system. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.5, the exhaust 2.8, the tyres 2.8, the intake 3.8 and the 
transmission system 3.9. 

M3 heavy buses 

The most contributing source responsible for the sound emissions of Μ3 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.6, the exhaust 2, the tyres 3.1 the transmission system 
3.6 and the intake 4.7. 

N1 vans 

The most contributing source responsible for the sound emissions of N1 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.6, the exhaust 2.3, the tyres 2.7, the transmission system 
3.8 and the intake 4.4. 

N2 small trucks 

The most contributing source responsible for the sound emissions of Μ2 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.7, the tyres 2.1, the exhaust 2.8, the transmission system 
3.8 and the intake 4.6. 

N3 heavy trucks 

The most contributing source responsible for the sound emissions of Μ3 vehicles is considered to be 
the engine, followed by the exhaust, and, then, the tyres, the transmission system and the intake. 
Specifically, with a rating scale from 1 (most contributing) to 5 (less contributing), the engine gets an 
average rating from all responses equal to 1.3, the exhaust 2.3, the tyres 2.8, the transmission system 
3.8 and the intake 4.6. 



 

 

 



 

 

 

 

 

Indicative replies to Q9 (original text): 

M1 vehicles 

   The pavement and the tyres contribute a lot to cars. [BRUITPARIF] 

   For urban speeds road-tyre noise is dominant. [Arbeitsring Lärm der DEGA] 

   Exhaust under high rpm level, tyres especially in cities with cobblestone areas. [ (Vehicle 
industry)] 

   Road surfaces are often rougher than ISO standard. Tyre noise is dominant. [BT] 

   This is with low speed, with higher speeds, the effects of the tyres are much bigger than of the 
other sources. [FEMA] 

M2 vehicles 



 

   The engine noise of heavy goods vehicles dominates at low speed. [BRUITPARIF] 

   Engine noise dominant. [Arbeitsring Lärm der DEGA] 

   Personal feeling, high rpm lead to high engine/exhaust noise. [ (Vehicle industry) 

M3 vehicles 

   The engine noise of heavy goods vehicles dominates at low speed. [BRUITPARIF] 

   In the city: long distance busses are quiet, public transportation dominating engine noise   
higher speed: > 60 km/h: tyre dominant. [ (Vehicle industry)] 

   Depends on location/speed. [RIVM] 

N1 vehicles 

   Comparable with M1. [Arbeitsring Lärm der DEGA] 

   Many delivery vans ride high rpm level. [ (Vehicle industry)] 

N2 vehicles 

   Comparable with M2. [Arbeitsring Lärm der DEGA] 

   See N1. [Dirk Volkenborn (Vehicle industry)] 

   For Urban are switch tyre and engine. [RIVM] 

N3 vehicles 

   Comparable to M3. [Arbeitsring Lärm der DEGA] 

   Domination engine and exhaust noise in the city, tyre noise on highways. [ (Vehicle industry)] 

 

 

  



Q10. “If you believe that sound emissions from M- and N-category vehicles is a problem in everyday 
life, can you rate from 1 (main responsible) to 4 (less responsible) who you consider as responsible 
for this? 

 The ineffective regulations 

 The weak enforcement of regulations  

 The vehicles’ technology  

 The driving behaviour of the drivers” 

Q11. “If you believe that there are elements of the regulation that are ineffective, would you like to 
make specific suggestions for improvement?” 

Q12. “Would you like to make specific suggestions for improvement of the market surveillance, 
monitoring and enforcement procedure?    

 

 

Q10 chart: 

 

 

 

 

Q10-Q11-Q12 replies summary: 

Responsible for the excessive sound emissions are considered all the mentioned reasons almost 
with equal weights. These are the ineffective regulations, the weak enforcement of regulations, 
the vehicles’ technology, the driving behaviour of the drivers. 

Some respondents mention that sound emission limits are high and in combination with 
manipulated vehicles and bad driving behaviour the total vehicle sound emissions are high. 

Suggestions for improvement include: 

 penalties for poor driving behaviour 

 sound level limits for a wider range of velocities and different driving modes along with a 
less complicated testing procedure 

 one limit value for all velocities 

 wider use of electric vehicles 

 the need to take into account the cumulative effect of noise 



 

Indicative replies to Q10 (original text): 

   The bad driving of two-wheel in urban areas is a problem for the citizens. [BRUITPARIF] 

   There seems to be no connection between environmental noise regulation and 
vehicle/tire/road noise regulation. [Anonymous respondent] 

   Sound emission limits are too weak, combination of measurements for constant speed and 
acceleration is not helpful. [Arbeitsring Lärm der DEGA] 

   I beg your pardon, all four of the above-mentioned points are relevant, and in addition the 
manufacturers' marketing strategy. In my opinion, a ranking is of little use since all these aspects 
work in combination. [Umweltbundesamt] 

   A better and consequent check would help to find manipulated / tuned vehicles. Example: 
Germany in Mannheim : Soko Poser. very good to show we do not tolerate disturbing other people. 
[ (Vehicle industry)] 

   Tyre noise measured on an artificial surface. No regulation for road surface condition. No idle 
noise regulation. [BT] 

   Driving with inappropriate speed, in too low gear and with too much acceleration are the main 
sources of excessive sound. Next is the tyres and engines, which is technology. This can partially 
be solved with enforcement (roadside checks and TA/PTI) It cannot be solved with more or stricter 
regulations. [FEMA] 

   The problem stems from the failure of the technology to decrease noise. The regulations could 
motivate manufacturers to make this a priority. [Anonymous respondent] 

   The technology to keep cars silent is there, but the problem lies with those drivers who make 
their vehicles extra loud on purpose and the weak enforcement and regulation to counter this. 
[Julius Kühn Institute] 

Indicative replies to Q11 (original text): 

   High noise levels linked to poor driving behavior should be punished. [BRUITPARIF] 

   Let environmental and transportation regulating bodies talk to each other - AVAS is a good 
example of miscommunication. [Anonymous respondent] 

   The police do not do anything for vehicle emitting a lot of noise. [Gremi de Tallers Barcelona] 

   Separation of limits for constant speed and acceleration, stricter limitation of engine speeds via 
engine management. [Arbeitsring Lärm der DEGA] 

   The focus on inner urban emissions is too narrow. ASEP was a first shy attempt to address 
broader operating conditions, RDASEP is a little improvement but falls short to effectively address 
the problem. What is needed is a requirement to minimize sound emissions. Manufacturers should 
be required to commit to this goal and sign a declaration that their vehicles are as quiet as 
technically and economically feasible. And there need to be substantial penalties for 
manufacturers who do not comply and continue using sound generators and flaps in the exhaust 
system. [Umweltbundesamt] 

   The current regulation looks complicated and effective, as mentioned before new models from 
2017... are more quiet than older models (~2012-2015). [ (Vehicle industry)] 

   Road surface. Idle noise. [BT] 

   We need sound level limits over all speeds and modes. And we need a ban of valve 
exhausts! [Citizen of Germany] 

   Regulation does not stimulate innovation enough. Manufacturers have too much influence. 
[RIVM] 



   The maximum permitted sound level must be continuous at all speeds. Currently this only 
applies for certain speeds (30km/h and 50km/h) which legally allows devices to regulate down the 
noise in this small range of speed but be very loud at slightly higher (lower speed). [Julius Kühn 
Institute] 

   Simpler test cycles with defined noise limit in al driving situations. [BUND - Arbeitskreis 
Verkehrslärm] 

 

Indicative replies to Q12 (original text): 

   More continuous monitoring of noise levels in cities. [BRUITPARIF] 

   Anyway smart cities are giving "real life" exposure to citizen who can involve themselves in the 
noise monitoring, they are realizing that the regulation is not effective anymore. [Anonymous 
respondent] 

   Emission data banks should be publicly available. [Arbeitsring Lärm der DEGA] 

   If a vehicle (type) is found not to be in compliance with noise regulations by one member state, 
the EU commission should be in charge of leading an investigation against the manufacturer and 
the type approval authority who granted approval. [Umweltbundesamt] 

   In southern part in Germany we have special checks "Sonderkommission Poser", give the police 
to make roadside checks. I know stationary noise is not a good indicator for noisy vehicles. May be 
a full throttle acceleration on a normal asphalt road can help to detected manipulated vehicles. 
Check against type approval value and add some dB(A) for more uncertainty and the non ISO 
asphalt. [ (Vehicle industry)] 

   Regulation for re surfacing of roads/new road construction. Idle noise as part of annual test. 
[BT] 

   More roadside checks could partially be a solution. [FEMA] 

   Forbidding any device that increase the noise of vehicles (sound tuning), setting increasingly 
strict limits for sound emissions measuring sound emissions with sensors and photo cameras and 
fine violators (depending on their income, but with a significant minimum of costs to be fair and 
effective). [Julius Kühn Institute] 

   Simpler test cycles with defined noise limit in all driving situations. [BUND - Arbeitskreis 
Verkehrslärm] 

 

  



 

Q13. “Would you be willing to spend more money when purchasing a vehicle of M- or N-category for 
better control of its sound emissions? If yes, what would you consider a reasonable increase in price 
(your answer can be expressed in percentage of the cost of the current vehicle or in euros)?” 

 

 

Q13 chart: 

 

Indicative replies to Q13 (original text): 

From those who answered “Yes” 

   5%. [BRUITPARIF] 

   0,5 % per dB(A) of reduction. [Arbeitsring Lärm der DEGA] 

   Again, in many cases a manufacturer spends additional money for enhanced sound. A quieter 
version of the vehicle could be cheaper rather than more expensive. Your question falsely suggests 
that quiet cars would be more expensive. [Umweltbundesamt] 

   Max 5%. [Citizen of Germany] 

From those who answered “No” 

   Pay more for what is consistent with fundamental rights (health), I think it is immoral. [Gremi 
de Tallers Barcelona] 

   The techniques of the average car itself is not the problem. [FEMA] 

From those who answered “Other (please specify)” 

   The "standard" modern M1 vehicle are silent enough. The noise inside a vehicle is a question of 
customers comfort expectation (and of money). [ (Vehicle industry)] 

Q13 replies summary: 

60% of the respondents are willing to pay more for a vehicle with better sound control and some 
estimated an increase in price by 5% or 0.5% per dB (A) of reduction. Also, some stakeholders 
answered negatively as they believe that paying for low vehicle sound emissions is immoral as low 
noise is a fundamental right and, in some cases, manufacturers spend money to enhance the sound 
emissions. 

Would you be willing to spend more money when purchasing a vehicle of M- or N-
category for better control of its sound emissions? If yes, what would you consider a 
reasonable increase in price (your answer can be expressed in percentage of the cost 

of the current vehicle or in euros)?   



   Once more: ordinary cars are not the problem. It’s a problem of sports cars with willingly noise 
production. [BUND - Arbeitskreis Verkehrslärm] 

  



 

References and other points 

Q14. “Please provide any other comments or remarks not addressed above.” 

 

Indicative replies to Q14 (original text): 

   The potential of vehicles with electric power should be respected in sound emission limits. The 
sound emission limits for tyres should be reduced. [Arbeitsring Lärm der DEGA] 

   Simply forbit sound generator! These components serve no other purpose that increasing sound 
emissions! [Umweltbundesamt] 

   If speaking about traffic noise: urban areas: please reduce "sleeping policeman", the cars have 
to decelerate and accelerate again. The high-volume streets: make the traffic more steady, so we 
avoid acceleration phases. [ (Vehicle industry)] 

   The Norwegian Public Roads Administration supports the initiative of looking into the sound level 
limits of M and N vehicles. Numbers from Statistics Norway show that 35 % of the population are 
affected from road traffic noise. Norwegian valuation of health effects from road traffic noise in 
cost benefit analysis show that sleep disturbances contributes the most. We have previously done 
a study (“Value for Money in Road Traffic Noise Abatement”) which finds that handling noise at 
source is the most cost-effective approach to reduce noise annoyance and especially to address 
vehicle noise. Development in technology and a shift towards electric vehicles are expected to 
reduce engine noise. We see tyres as a key factor in reducing road traffic noise in the future. In 
addition, air drag could be an issue. [Anonymous respondent] 

   Motorbikes also are very much in need of a much stricter noise regulation, control and fines. 
[Julius Kühn Institute] 

   The noise protection commissioner of the state of Baden-Württemberg reports that 75% of the 
complaints about traffic noise relate to motorcycles, which account for only 2-3% of traffic 
volume. The same applies to sports cars with flap exhaust systems. [BUND - Arbeitskreis 
Verkehrslärm] 

  

Q14 replies summary: 

In addition to the responses provided in Q1-Q13, some additional remarks are summarized below: 

 Electric vehicles are thought to be a major part of the solution to excessive traffic sound 
emissions. 

 Additional suggestions for the reduction of sound emissions include: 

o The use of silent tyres. 

o Traffic management in order to reduce the need for deceleration and acceleration.  

 Sport cars and motorcycles seem to be the main sources of excessive traffic sound 
emissions. 

 One of the main negative effects of traffic sound emissions is sleep disturbance. 



Q15. “Please provide references for further details to the extent possible (documents, literature, 
practical examples, own measurements).”   

Indicative replies to Q15 (original text): 

   https://www.bruitparif.fr/les-meduses/ [BRUITPARIF] 

   See http://www.ald-laerm.de/publikationen/praesentationen-der-ald-
veranstaltungen/2019/#c3579 [Arbeitsring Lärm der DEGA] 

   Acceleration is always more noisy than constant driving.  Feel free to contact me. [Dirk 
Volkenborn (Vehicle industry)] 

   https://www.sciencedirect.com/science/article/pii/S1877042812028480 [Anonymous respondent] 

   Klaus Miehling: Lautsprecher aus! Zwangsbeschallung contra akustische Selbstbestimmung, 
Berlin 2010. [Anonymous respondent] 

   https://taz.de/Motorradlaerm-in-Deutschland/!5518931/ [BUND - Arbeitskreis Verkehrslärm] 

 

  



 

Personal and institutional information 

Q16. “Please state your name, company/institution and responsibility, e-mail, telephone number.” 

Contact details of respondents are available at “Annex II: Filled in questionnaires received”, Social 
partners questionnaire.xlsx, worksheet “Q16”. 

  



2.3 Conclusions from the survey 
The conclusions presented in this section are drawn as a result of processing and analysing the 
responses given to both types of questionnaires. The conclusions drawn from the responses of social 
partners are presented separately from those that came from the answers of technical entities. 
Additionally, there is a part where the conclusions from both types of questionnaires are synthesised. 
Specifically, for each one of the categories shown in the list below, the corresponding conclusions 
are based on answers to specific questions (see subsection 0): 

Questionnaire aimed at social partners 

A. Environmental and health impacts of sound emissions from M- and N-category vehicles: 
from answers to questions Q1 to Q8. 

B. Suggestions for improvement of sound emission performance: from answers to questions 
Q9 to Q13. 

Questionnaire aimed at technical entities 

A. Technical issues related to sound limits: 

i. Current status: Regulation (EU) No 540/2014 on M- and N-category vehicles noise and 
UNECE Regulation No 117 on approval of tyres with regard to rolling sound emissions: 
from answers to questions Q1 to Q6. 

ii. Possibly improved (lower) M- and N-category vehicle sound emission limits: from 
answers to questions Q7 to Q10. 

iii. Sound emissions from tyres: from answers to questions Q11 to Q13. 

iv. Additional sound emission provisions (ASEP): from answers to questions Q14 to Q17. 

B. Contribution of M- and N-category vehicle components to sound emissions: from answers to 
questions Q18 to Q22. 

C. Cost/benefit impact from a (possible) expected sound emissions reduction. 

i. New vehicles: from answers to questions Q23 to Q25. 

ii. Existing fleet: from answers to questions Q26 to Q27. 

D. Summary of key messages: from answers to all questions. 

It is clarified that the answers to Q14 and Q15 of the questionnaire for social partners and Q28 and 
Q29 of the questionnaire for technical entities (additional remarks and references), not explicitly 
mentioned above, are summarised in any of the aforementioned categories, wherever it is 
considered more appropriate. Therefore, all answers have been used to come up with the final 
conclusions. Before presenting the conclusions, a short assessment of this feedback gathering 
procedure is provided below. 

Qualitative assessment of the feedback gathering procedure 

In total, there were 67 replies to our request for answering the questionnaires, out of which 66 were 
positive replies (filled in questionnaires received). In particular, 20 answers came from social partners 
filling in the corresponding questionnaire and 46 from technical entities. Provided the specificities of 
the technical subject, the number of positive replies and the share between social partners (30%) 
and technical entities (70%) can be considered as very satisfactory and ensures the 
representativeness of responses as well as for the quality of the final outcome. 

In general, the questionnaires have been filled in by a wide range of stakeholders in different and 
non-overlapping fields, i.e., national authorities (technical services, type approval authorities, 
transport departments, market surveillance and enforcement authorities), industry and 
manufacturers, cities and regions, and various organisations (environmental, noise concerned 
associations, citizens etc.). The fact that 46 out of 66 responses are from ‘technical’ entities, 



 

enhances the validity of results regarding their technical content and underlines the technical 
specificities of the studied subjects. 

On the other hand, the social partners showed their interest in this feedback gathering procedure 
and did not ignore the questionnaire, despite the high technical nature of questions; this indeed 
shows the continuous interest and necessity to further decrease sound emissions from traffic and 
deal with the so-called ‘noise-pollution’. 

The main conclusions are now presented as follows. 

Conclusions from technical entities 

A. Technical issues related to sound limits 

i. Current status: Regulation (EU) No 540/2014 sound emission limits and Regulation (EU) 
No 117 approval of tyres with regard to rolling sound emissions 

1. Sound limits of phases 1 and 2 are considered easily achievable for most vehicle categories. 
Difficulties are expected with reaching limit values of phase 2 for some N2 and N3 vehicles, with 
all heavy trucks used for heavy load carriage that are similar to off-road vehicles and low PMR 
vehicles (budget cars). Tyre rolling sound is expected to be the main issue with achieving limit 
values of phase 3. Also, compliance is expected to be at risk for N3 vehicles with Pn < 250 kW. 
In general, reaching limits of phase 3 is considered challenging as technological advancements 
are necessary (Q1-Q2). 

The difficulties vary for each vehicle category, due to the available space and the different vehicle 
architecture and most of the issues mentioned are related to tyre rolling sound (Q3-Q4-Q5). Triple 
A tyres are not widely available and not offered for all vehicle categories. Also, it will be difficult 
to achieve lower sound limits with vehicles equipped with wider (sport cars) or higher load index 
tyres (electric vehicles), which tend to be noisier. Additionally, it is stated that there is small room 
for improvement in the powertrain compartment (Q8-Q9). 

Other than tyres, issues are expected with reaching the limits for vehicles used for transportation 
on hilly or rough road conditions, as this task requires higher torque and higher engine speeds 
and thus having high demand for cooling. Encapsulation may lead to thermal management 
issues, by reducing the cooling capacity. Finally, it is mentioned that there are difficulties with 
inner city buses (class I) because of packaging problems and lower PMR vehicles (budget cars) 
because of the cost increase from the implementation of sound control technologies (Q8-Q9). 

ii. Possibly improved (lower) M- and N-category vehicle sound emission limits 
2. Despite the difficulties for reaching lower sound limit values described in the previous paragraphs, 

stakeholders provided information on the current technical solutions used for sound emissions 
reduction, which vary between the different vehicle categories and according to the customers’ 
expectations in terms of affordability, usability and safety. They are established based on the 
observations of the market.  
 

Most of the technologies mentioned are used in multiple vehicle categories. These include:  
 Optimised vehicle geometry (aerodynamics), which is not regulated by any Regulation 

currently in-force 
 ECU calibration for combustion noise shaping  
 Engine encapsulation (shielding) and under body shielding 
 Optimised engine and gearbox design in order to avoid resonances in the mechanical 

structure 
 Passive measures in engine bay 
 Acoustic and thermal damping in exhaust system 
 Multi-mode exhaust design 
 Use of passive flaps in exhaust 
 Absorptive materials and exhaust valves (actuated by passive and active means) 
 Expansion chambers in silencers 
 Reflection type muffler 
 Resonators 



 Silent tyre design 
 Wheel arch liners 
 System tuning of acoustic volume 
 Silent road surfaces 

Also, it is mentioned that technological advancement allowed combustion engines to have good 
performance at low engine speed while maintaining good drivability at higher gears.  This leads 
to reduced air pollutant emissions, fuel consumption and sound emissions (Q3-Q4-Q5). 

3. Regarding the type approval testing procedure, there are some known concerns. The most 
important one is the measurement uncertainties due to variable ambient conditions and different 
test tracks. Regarding specific vehicle categories, difficulties are faced with hybrid electric 
vehicles (HEVs) during the stationary tests and in some cases with low PMR automatic 
transmission vehicles, as the aurban specified in the regulation cannot be achieved (Q6). 

4. In general, a further reduction of the limits of phase 3 of the regulation is not considered feasible, 
as current limits are considered already difficult to achieve for some vehicle categories. Some 
stakeholders suggested that phase 3 should be postponed for at least 2 years. Also, only one 
stakeholder stated that a reduction of 1-2 dB is possible for all vehicle categories, except for off-
road vehicle with low GVW. The time period required for the industry to adjust, are 4-6 years (Q7, 
Q10). 

5. Two main difficulties are expected in the case of a further limit values reduction. The first one is 
related to tyres, as it is anticipated that as the limits go lower the contribution of each parameter 
to the total sound emissions will change. This means that if the changes for reaching lower limits 
are only applied on parameters other than tyres, the contribution of tyre rolling noise to the total 
sound emissions will increase. The second one is related to reducing sound emissions from the 
engine and the exhaust. Reduction of engine noise may also increase fuel consumption because 
of weight increase (additional equipment) (Q8-Q9). 

6. Additional technical features to achieve lower sound limits include larger silencers, larger exhaust 
systems, exhaust valves, more shielding, extensive use of absorptive materials, active 
geometries in intake/exhaust systems and active noise or vibration cancellation systems. Also, 
the development of materials with specific characteristics in weight, thermal fatigue and cost of 
production, is considered necessary. 

Some additional measures, not related to vehicle technology, include better maintenance of road 
infrastructure, quieter road surfaces and more efficient traffic management (Q8-Q9). 

7. As most stakeholders do not think a limit reduction is feasible there are not many 
recommendations on the time period that the industry needs to adapt to new limits. Some 
respondents provided an estimation that ranges from 2 to 10 years, depending on the vehicle 
type and the magnitude of reduction. Taking into consideration all the answers, 4 to 6 years seem 
to be a suitable time period (Q10). 

iii. Sound emissions from tyres 

8. Most stakeholders mention that it is not possible to improve sound emission performance of tyres, 
without serious influence on their wet grip and rolling resistance, based on a study by ACEA 
(ACEA – Tyre Performance Study – Noise VS other performances). On the other hand, it is also 
mentioned that a reduction of 2 dB is possible, while keeping other parameters unchanged. This 
is also supported by a comment stating that there is no relation between tyre rolling sound and 
wet grip or rolling resistance (Q11-Q12-Q13). 

iv. Additional sound emission provisions (ASEP) 

9. Regarding ASEP, it is widely accepted that it targets cycle-beating and can help reduce 
annoyance from single events but does not have an impact on environmental noise on an Leq 
basis. As the goal of ASEP is to ensure that vehicles are performing as expected over a larger 
operation range and at the moment, this is not seen in the area other than M1 and N1 vehicles 
(Q14-Q15-Q16-Q17). 



 

10. Additionally, making ASEP a mandatory part of the type-approval procedure is expected to 
increase its credibility, but it needs to be simplified as it is considered to be a very complex and 
time-consuming process. Also, there is a problem in reaching higher vehicle speeds that are 
required for ASEP testing in shorter test tracks. Suggestions for improvement include tests under 
a wider range of velocity, acceleration and engine speed and measurements during WOT and 
partial load, coast down and cruising. Also, the work by GRBP IWG ASEP is widely accepted 
(Q14-Q15-Q16-Q17). 

B. Contribution of M- and N-category vehicle components to sound emissions 

11. For all vehicle categories, except N3, the engine, the tyres and the exhaust are considered the 
most contributing sources of sound emissions, followed by the transmission and the intake. For 
N3 vehicles, the most contributing sources are the engine, the tyres and the transmission followed 
by the exhaust and the intake (Q18).  

12. Except from the already mentioned sound sources, road surfaces are considered quite important 
as tyre rolling sound is expected to have a major contribution in the total sound emissions. Also, 
other parameters influencing the sound emissions are the driving behaviour, maintenance of road 
infrastructure, AVAS, horns, reversing alarm, after market silencers and replacement tyres. 
Additionally, in the case of a further reduction of limits, auxiliaries, cooling fans, pumps and 
actuators are expected to contribute more to the total sound emissions (Q19). 

13. The most commonly suggested method for identifying the individual contribution of different 
sources consists of testing a vehicle on slick tyres and comparing this to the pure tyre rolling 
sound during both cruising and acceleration, while the vehicle is fully encapsulated, and the gas 
flow is fully suppressed (Q20). 

14. Suggestions for reducing the sound emissions from the non-exhaust sources include silent road 
surfaces, anti-tampering measures, shielding for heavy duty vehicles, smaller tyres for passenger 
cars, aerodynamic noise reduction, improving driving behaviour (Q22). 

C. Cost/benefit impact from the expected sound emissions reduction 

15. Almost half of the survey participants believe that lowering sound limits will have a low 
contribution in protecting the environment and human health, as the corresponding reduction in 
real life sound emissions would be minimal. On the other hand, the rest of the stakeholders 
suggest that lower sound limits along with additional measures (different test cycles and off-cycle 
requirements like RD-ASEP, road surface optimization and absorptive materials on buildings’ 
facades), would have a high or medium contribution in environmental and human health 
protection (Q23). 

16. Half of the survey participants (48%) believe that lower sound level limits will not contribute 
significantly to the reduction of individual special noise events, while in-use testing along with 
ASEP are thought to be sufficient for controlling single noisy events (Q24).  

17. Regarding the cost that will be possibly incurred from the introduction of lower sound emission 
level limits, most stakeholders refer to a study by ACEA in 2011. There are only a few answers 
that provide a cost estimation (other than the ACEA study) and mention that 80-200 €/dB for 
every new vehicle is expected in order to conform with the current phase 3 limits (Q25). 

18. Participants believe that the only way to reduce the sound emissions of the existing fleet is to 
enforce alternative measures like quieter tyres and silent road surfaces (Q26, Q27). 

Conclusions from social partners 

A. Environmental and health impacts of sound emissions from M- and N-
category vehicles 

1. Excessive sound emissions are experienced mainly in urban areas as they affect a large part of 
the population and the distance between the source and the receiver is short (Q1-Q2-Q3). They 



are experienced throughout the year and during the whole day (before and after normal working 
hours and at night). More specifically, in weekdays the sound emissions mainly come from 
delivery trucks (N1 and N2 vehicles) and the big traffic flow, while during the weekends M1 
vehicles are the main source and especially tuned/manipulated vehicles. Noise causes 
annoyance, disturbance, concentration loss, sleep disturbance and awakening (Q3-Q4). 

2. Most of the respondents agree that a quieter neighbourhood is important for a better quality of 
life and that a dwelling in such an area is expected to cost more. On the other hand, 50% of them 
are not willing to pay for this, as they believe that emitters (drivers and the industry) should cover 
this cost. The increase in the cost is expected to be 10-30% or 1% per dB below the threshold 
of quietness (Q5-Q6).  

3. Pedestrians and cyclists consider vehicle sound emissions necessary for safety. Equal numbers 
of drivers and passengers consider vehicle sound emissions satisfactory (41%) or that they need 
to be more silent (41%) (Q7-Q8). 

B. Suggestions for improvement of sound emission performance 

1. For most M- and N-category vehicles, the engine is considered the most contributing source to 
sound emissions followed by the exhaust, the tyres, the transmission and the intake. Also, it is 
mentioned that the road surface greatly affects total vehicle sound emissions (Q9). 

2. The ineffective regulations, the vehicle’s technology, the driving behaviour and especially the 
weak enforcement of the regulation are considered responsible for the excessive sound 
emissions. More specifically, some respondents mention that excessive sound emissions are a 
result of high sound limits, manipulated vehicles and bad driving behaviour. Suggestions for 
improvement include penalties for poor driving behaviour, sound level limits for a wider range of 
velocities and different driving modes, along with a less complicated testing procedure, wider 
use of electric vehicles, one limit value for all velocities and the need to take into account the 
cumulative effect of noise (Q10-Q11-Q12). 

3. 60% of the survey participants are willing to pay more for a vehicle with better sound control and 
some estimated a total increase of 5% or 0.5% per dB (A) of reduction (Q13). 

 

Summary of key messages from the feedback gathering procedure 

1. Reducing sound emissions from M- and N-category vehicles in real traffic conditions does not 
only depend on lowering the type-approval sound emission limits. Any proposal for lower limits 
should be combined with a package of measures related to better enforcement of regulations in 
practice, anti-tampering measures, and specific technical improvements in the test procedures 
(both for TA testing and ASEP) in order to be more representative of real-world driving conditions 
(aggressive driver behaviour, more realistic full throttle acceleration test, etc.). 

2. A reduction of sound emissions is always considered welcome from social partners, as it can 
have multiple environmental and health benefits. Also, it is mentioned that testing should cover a 
wider range of operating conditions. The weak enforcement of the regulations is mainly 
considered responsible for the excessive sound emissions, while suggestions for improvement 
include sound level limits for a wider range of velocities and penalties for poor driving behaviour. 

Technical entities have significant concerns about the feasibility of lower sound limits, as it is 
considered that there is small room for improvement in the powertrain compartment and it is not 
possible to improve sound emission performance of tyres without negatively impacting wet grip 
and rolling resistance. Additionally, there are concerns that specific vehicle categories may have 
additional technical difficulties. Further technological advancements are possibly required to 
achieve lower limits, concerning larger silencers and exhaust systems, more shielding and 
extensive use of absorptive materials, active geometries in intake/exhaust systems and active 
noise or vibration cancellation systems.  



 

3. Regarding the testing conditions, the measurement uncertainties are considered a major issue.  
Finally, the reduction of the sound limits alone is not considered sufficient, if not combined with 
better enforcement of regulations in practice, anti-tampering measures, improved driving 
behaviour and additional measures (silent road surfaces, silent tyres etc.). 

 

2.4 Collection and review of literature sources 
Many literature sources have been collected and studied in the framework of the study in order to 
further investigate the current state of the art sound level technology, as well as the technical 
feasibility for the improvement of sound level performance. A summary of these sources is provided 
below, followed by a more detailed presentation of the main findings. The output of this literature 
review task is combined with that of the feedback gathering (presented earlier) in order to come up 
with the proposal estimate for lower sound level limits. 

Legislation 

UNECE legislation 

 UNECE Regulation No 51: Uniform provisions concerning the approval of motor vehicles 
having at least four wheels with regard to their sound emissions. 

 UNECE Regulation No 117: Uniform provisions concerning the approval of tyres with regard 
to rolling sound emissions and to adhesion on wet surfaces and/or to rolling resistance. 

 UNECE Regulation No 138: Uniform provisions concerning the approval of Quiet Road 
Transport Vehicles with regard to their reduced audibility. 

EU legislation for M- and N-category vehicles 

 Regulation (EU) 540/201411: regulates in Annex III the sound level limits of all M- and N-
category vehicles for three different phases. 

 Regulation (EC) No 661/2009: Type-approval requirements for the general safety of motor 
vehicles, their trailers and systems, components and separate technical units intended 
therefor. 

 Regulation (EU) 2019/2144: on type-approval requirements for motor vehicles and their 
trailers, and systems, components and separate technical units intended for such vehicles, 
as regards their general safety and the protection of vehicle occupants and vulnerable road 
users. 

 Regulation (EU) No 1222/2009 on the labelling of tyres with respect to fuel efficiency and 
other essential parameters. 

 Regulation (EU) 2020/740: on the labelling of tyres with respect to fuel efficiency and other 
parameters, amending Regulation (EU) 2017/1369 and repealing Regulation (EC) No 
1222/2009 

Scientific and technical literature (papers, reports, studies) 

The scientific and technical literature that was used for this study can be divided in two main 
categories. The first one includes previous studies and proposals of M- and N-category sound level 
limits. These consist of two studies conducted by Heinz Stevens, one in 2010 and one in 2014. Also, 
two studies by TNO: the VENOLIVA study in 2011 and the study “Reduction of vehicle noise 
emissions – Technological potential and impacts”, 2012, were taken into consideration. Finally, the 
proposal of sound limits from ACEA in 2012 was also studied. 

The second category comprises of different publications regarding the study of issues related to the 
reduction of vehicle sound emissions. These include review of literature regarding:  

 Tyre sound emissions and reduction approaches (Tan Li et al., 2018) 

                                                      
11 Regulation (EU) No 540/2014 on the sound level of motor vehicles and of replacement silencing systems and 

amending Directive 2007/46/EC and repealing Directive 70/157/EEC (OJ L 158, 27.5.2014, p. 131). 



 The impact of low noise tyres (Gasparoni et al., 2015, Graaff et al., 2014, Dittrich et al., 2015) 

 Sound emission reductions of other sources (e.g., powertrain) (JASIC, 2012) 

 Traffic noise abatement scenarios (Milford et al., 2012, Ögren et al., 2017) 

 After market surveillance (Morris et al., 2019) 

Additionally, databases with sound emission TA values including the German KBA and the Dutch 
RDW were analyzed, in order to identify the evolution of noise type approval values per category 
and hence to understand technology evolution. 

Other Internet sources 

A list of various sources from the Internet, related to traffic sound emission issues is provided in the 
end of the References section. 

Study of previous sound limits proposals 

In this section, the main points of interest from former proposals and studies related to sound level 
limits of M- and N-category vehicles are presented. The goal is to compare the different scenarios 
presented in each one and draw useful conclusion that can be used in the current study. 

Monitoring procedure in the vehicle noise regulation, UNECE R 51 noise monitoring database and 
cost/benefit analysis, 2010, Louis-Ferdinand Pardo, Heinz Steven 

This study was conducted after the introduction of a new measurement method (method B) which 
was introduced in ECE R51. The sound emissions during type approval were previously measured 
using method A. Method A required a full throttle acceleration test, starting from 50 km/h or less and 
driving over a distance of 20 m (plus the vehicle’s length). Method B requirements were different and 
depended on the vehicle category. Also, there were changes to better represent operation under an 
urban environment. During the monitoring procedure both methods (A and B) were used 
simultaneously. The data collected during this monitoring procedure were analysed in the course of 
this study. 

New vehicle subcategories and equivalent limit values were proposed, which were based on type 
approval testing data collected from ACEA. Additionally, five different cost-benefit scenarios were 
examined, as seen in Table 5. The scenarios include the reduction of the equivalent sound limits 
from 1 dB to 6 dB, in different stages. The results of the CBA are presented in Table 6. 

Table 5: Scenarios of cost/benefit calculation 

 



 

Table 6: Results of CBA 

 

VENOLIVA - Vehicle Noise Limit Values - Comparison of two noise emission test methods – Final 
Report, TNO, 2011 

In this study the two different testing methods mentioned above (method A and method B) were also 
compared. Again, five different CBA scenarios were examined, where both methods were examined 
along with potential limit values reduction in different steps. 

 Policy option 1 – No change 
 Policy option 2 – New method – old limit values 
 Policy option 3 – New method – new limit values equivalent to old ones 
 Policy option 4 – New method – new limit values with noise reduction potential 
 Policy option 5 – New method – new limit values with noise reduction potential in two step 

approach 

The vehicle categorization that was used is different than the one used in Regulation (EU) 540/2014 
and thus direct conclusions cannot be drawn. 

Additionally, the difference of test results between the two methods were analysed. In general, 
method B was considered better at representing driving under normal traffic conditions, but it is not 
representative for operation under worst case conditions. For this reason, it was advised to further 
develop the ASEP methodology, which was under development at the time. 

Reduction of vehicle noise emission - Technological potential and impacts, TNO, 2012 

This study was also conducted by TNO, 2 years later than the previous one and it included an 
alternative proposal for lower sound limits, than what it was already included in Regulation (EU) 
540/2014. There is a proposal for different subcategories and two additional phases (4 and 5).  



Table 7: Proposal for reduction of noise emission limit values. 

 

 

It was considered that there was no need for further technological advancement in trucks in order to 
reach phase 2 and 3 limits, as encapsulation or shielding would be sufficient (this is also supported 
by T&E, 2012). For phase 4 and 5 limits, a reduction of the tyre rolling sound by at least 3 dB was 
considered necessary. 

ACEA - Vehicle noise, Setting the right sound levels, 2012 



 

In this study by ACEA, the challenges for reaching lower limits for specific sub-categories are 
presented, along with a proposal for a new classification of some vehicle categories and the 
corresponding sound limits. The limit proposals refer to M1 and N3 vehicles and are presented in 
Figure 7 and Figure 8 respectively. The different segmentation used and the limits proposed are 
based on observations of the market and the technical feasibility for achieving lower limits in each 
vehicle category. 

 

 

Figure 7: Stage 1 and 2 sound limit proposals for M1 vehicles. 



 

 

Figure 8: Stage 1 and 2 sound limit proposals for N3 vehicles. 

Apart from lower sound limits, alternative measures for noise reductions are proposed, where better 
road infrastructure is the main focus. There are also concerns that the proposed limits by the EC are 
too low and ICE vehicles could become as silent as electric cars, which would then require 
manufacturers to add noise emitting devices to conventional vehicles. 

Assessment of the impacts of the EU Directive 540/2014 on the traffic noise impact in real traffic, 
Heinz Steven, 2014 

This study conducted by Heinz Steven in 2014, after the implementation of Directive 540/2014 
concerning all vehicles having at least four wheels.  In this directive the three already known phases 



 

of limit values were established, along with new (in 2014) vehicle categorization. The real traffic 
impact of the new directive and some additional limit reduction scenarios were presented. 

The scenarios examined included reductions of sound limits of vehicles and/or tyres. These 
scenarios are presented below. 

 Scenario 1: Further reduction of tyre noise limits of 2 dB for C1 tyres and 1 dB for C2/C3 
tyres (Table 8). 

 Scenario 2: 3rd reduction step to 540/2014/EU (Table 9). 
 Scenario 3: Combination of Scenario 1 and 2. 
 Scenario 4: 3rd reduction step to 540/2014/EU, only for M1 and N1 vehicles (Table 10). 
 Scenario 5: Scenario 4 combined with a further reduction of 2 dB for C1 tyres and 1 dB for 

C2/C3 tyres. 

Table 8: Scenario 1. 

Class C1 Limit 
(dB(A)) 

Nominal section width (w) Stage 1 

w<=145 72 

145<w<=165 73 

165<w<=185 74 

185<w<=215 75 

w>215 76 

 
 

Class C2 Class C3 
 

Limit (dB(A)) Limit (dB(A)) 

Category of use Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3 

Normal  75 72 71 76 73 72 

Snow 77 73 72 78 74 73 

Special  78 74 73 79 75 74 

 

Table 9: Scenario 2. 

Scenario 2: Third step of reduction 
   Limit values (dB(A)) 
Vehicle category   State of the art Stage 1 Stage 2 Stage 3 

M1 
PMR<=120 72 70 68 67 
120<PMR<-160 73 71 70 69 
PMR>160 75 74 73 71 

M2 M<=2.5 t 72 70 68 67 

Class C1 Limit (dB(A)) 

Nominal section width (w) Stage 2 Stage 3 

w<=185 70 68 

185<w<=245 71 69 

245<w<=275 72 70 

w>275 74 72 



2.5 t <M<-3.5 t 74 72 71 70 
M>3.5 t 75 73 71 71 

M3 
Pn<=180 kW 76 74 73 72 
180 kW<Pn<=250 kW 78 77 75 75 
Pn>250 kW 80 78 76 76 

N1 
M<=2.5 t 72 70 68 67 
M>2.5 t 74 72 71 70 

N2 
Pn <= 150 kW 76 75 72 71 
Pn>150 kW 78 77 75 74 

N3 
Pn<= 250 kW 81 79 77 76 
Pn>250 kW 82 81 79 78 

      2 years 6 years 10 years 

Table 10: Scenario 4. 

Scenario 4: Third step of reduction restricted to M1 and N1 
   Limit values (dB(A)) 
Vehicle category   State of the art Stage 1 Stage 2 Stage 3 

M1 
PMR<=120 72 70 68 67 
120<PMR<-160 73 71 70 69 
PMR>160 75 74 73 71 

M2 
M<=2.5 t 72 70 68 67 
2.5 t <M<-3.5 t 74 72 71 70 
M>3.5 t 75 73 71   

M3 
Pn<=180 kW 76 74 73 72 
180 kW<Pn<=250 kW 78 77 75 

  Pn>250 kW 80 78 76 

N1 
M<=2.5 t 72 70 68 67 
M>2.5 t 74 72 71 70 

N2 
Pn <= 150 kW 76 75 72 

  Pn>150 kW 78 77 75 

N3 
Pn<= 250 kW 81 79 77 

  Pn>250 kW 82 81 79 
      2 years 6 years 10 years 

Comparison of previous proposals 

A direct comparison of all previous proposals is not possible as the segmentation of the vehicles is 
different and, in some cases, additional measures, e.g., tyre sound limits reduction, are proposed. In 
the following figures, Figure 9 to Figure 14, three of the examined proposals where the vehicle 
categorization is the same as in Regulation (EU) 540/2014, are presented in comparison to the 
current state (phase 1 of Regulation (EU) 540/2014) and the next phases.  



 

 

Figure 9: Previous limit proposals and Regulation (EU) 540/2014 for M1 vehicles. 

 

Figure 10: Previous limit proposals and Regulation (EU) 540/2014 for M2 vehicles. 



 

Figure 11: Previous limit proposals and Regulation (EU) 540/2014 for M3 vehicles. 

 

Figure 12: Previous limit proposals and Regulation (EU) 540/2014 for N1 vehicles. 



 

 

Figure 13: Previous limit proposals and Regulation (EU) 540/2014 for N2 vehicles. 

 

Figure 14: Previous limit proposals and Regulation (EU) 540/2014 for N3 vehicles. 

It should be noted that sound limits of each presented study occurred by taking into consideration 
different parameters and at different time periods where the regulations that were in force were not 
the same. As a result, these limits cannot simply be transferred to the current study, as they are not 
up to date and do not necessarily represent the current state of the sound control technology. 



Nonetheless, useful conclusions can be drawn from the different stages of reduction that are 
proposed, the time intervals between the stages and the considerations that led to these proposals. 

Study of issues related to the reduction of sound emissions  

There are five dominant sources of sound emissions for vehicles, which are: the engine (and 
powertrain in general), intake system, exhaust system, aerodynamic turbulence and tyre rolling 
sound (Tan Li, 2018). The ranking of the various sound emission sources is displayed in Figure 15. 
The contribution of each source depends on the driving conditions, on the vehicle type and on 
ambient conditions. In general, rolling tyre noise is expected to be dominant in free-flowing traffic 
(highways), while vehicle sound emissions (axle, engine and exhaust) are more relevant in urban 
areas. Also, there are expected synergies between technologies for reducing CO2 and sound 
emissions, including improved aerodynamics, stop-start technology and electrification of the fleet 
(T&E, 2012). 

 

Figure 15: Noise source ranking for a vehicle during a pass-by noise test (Braun et al., 2013). 

Tyre sound emissions and reduction approaches and the impact of low noise tyres (Gasparoni et al., 
2015, Graaff et al., 2014, Dittrich et al., 2015) 

As already stated in the feedback gathering procedure, the reduction of sound limits for M- and N-
category vehicles is expected to increase the contribution of tyre rolling sound, to the total vehicle 
sound emissions. In a study by Hammer et. al., 2016, the tyre rolling and propulsion sound emissions 
at low vehicle speeds were analysed. The focus was mainly on the contribution of individual sound 
sources under the speed of 50 km/h. 

For this reason, a dedicated measuring campaign was designed and took place in April 2015 at 
Dynamic Test Centre in Vauffelin, Switzerland. The tested vehicles and the respective tyres are 
presented in Figure 16. 18 pass-by scenarios were examined between 20 and 50 km/h, for gears 1 
to 4. 



 

 

Figure 16: Analysed tyres and vehicles during the measurement campaign (Hammer et. al., 2016). 

The highest sound emissions were found to be related to the wider tyres examined, which is 
something to be expected. In the parameters that can influence the tyres’ sound emissions the 
hardness of the tyre should be included. 

In general, acceleration events seem to increase the median total sound levels by 6.3 dB, when 
compared to driving at constant speed. Depending on the driving behavior, the acceleration’s 
contribution can vary from 0 to 16.1 dB (Hammer et. al., 2016). 

The contribution of propulsion and rolling tyre sound to the total sound emissions was studied for 
different vehicle categories and the results are shown in Figure 17. The speed where the tyre rolling 
sound becomes dominant is called cross-over speed and ranges between 14.8 and 33.7 km/h. Petrol 
and diesel cars show a rather similar cross-over speed with values of 15.2 and 15.9 km/h (Hammer 
et. al., 2016). 

 

 



 

Figure 17: Rolling (red) and propulsion noise driving in gear 1, 2, 3, 4 (grey tones) and weighted gears 
(green), as well as total noise (black) from vehicle categories a) diesel cars, b) petrol cars, c) 
diesel light-duty commercial vehicle, d) hybrid cars, e) electric cars and f) European vehicle 

fleet. The speed at which the rolling noise becomes more dominant than the propulsion noise is 
indicated with a dashed black line (Hammer et. al., 2016). 

The reduction of tyre rolling sound is often related to decreased safety and performance. According 
to Gasparoni et. al., 2015 and Tan Li, 2018, there is no consistent conflict between sound emission 
characteristics and friction, rolling resistance, wet braking and aquaplaning. On the other hand, there 
are ways to reduce sound emissions and improve hydroplaning performance by using low noise 
tread pattern design which consists of randomised patterns and ventilating channels which increase 
the air/rubber ratio, the number of circumferential tread elements and the number of sipes (Tan Li, 
2018). 

In 2014, type approval sound values of tyres in Netherlands were studied (de Graaff et. al., 2014). 
The data used were extracted from thee VACO tyre database, in November 2013 and contained 
around 60.000 tyres. Also, the same type of data was available for 2007. The frequency distribution 
of the two sets of data is shown in Figure 18.  



 

 

Figure 18: Frequency distribution of tyre noise data of 2013 compared to data of 2007. 

This data was also used to estimate possible tyre sound limits. More specifically, the 2013 data was 
compared to the corresponding regulation limit. In Figure 19 the “best 50%” value corresponds to the 
lowest sound emission level for which at least 50% of the tyres comply with. The same principle is 
applied to the rest of the columns, but instead of 50% of the tyres, 20% and 10% are used. On the 
far right the best in class, is the difference of the type approval value of the most silent tyre in the 
database and the corresponding limit. 

 

Figure 19: Statistical cutoff values of tyre noise emission values relative to the limit (in dB(A)) (de Graaff et. 
al., 2014). 

The “best 20%” values were used to form a possible scenario for stage 3 of the Regulation UNECE 
No. 117. The potential amendments to this regulation, suggested by this study are presented in 
Figure 19.  

Table 11: Proposal for stage 3 limits of Regulation No. 117, for each tyre category. 

 

 



 

Another study in 2015 examined the benefits of using triple A tyres (AAA), which are high quality 
tyres based on the EU tyre labelling. The use of this type of tyres can result in lower CO2 emissions, 
lower sound emissions and high safety. The scale of sound emission reduction was estimated: 

 1.2 – 2.6 dB(A) for light vehicles 
 0.6 – 2.6 dB(A) for medium weight vehicles 
 0.6 – 3.4 dB(A) for heavy vehicles 

Which also depends on the type of road surface and traffic conditions.  

Traffic noise abatement scenarios 

The reduction of vehicle sound limits is one of the available measures for reducing excessive traffic 
sound emissions. Additional measures can be combined with the limit reduction in order to achieve 
greater health and environmental benefits. These may include noise barriers, facade insulation of 
buildings and silent road surfaces which were already examined.  

In a study by Milfrord et. al., 2012, the cost of reducing annoyance by applying the above-mentioned 
measures was calculated. The results are presented in Table 12, where it is clear that reducing 
vehicle sound limits is the most preferable scenario. The vehicle sound limit reduction that was 
examined refers to a scenario presented in VENOLIVA study (TNO, 2011), which is presented in 
Table 13. 

Table 12: Noise abatement measures. 

 



 

Table 13: VENOLIVA study, option 5. 

 

 

Another study conducted in 2017, examined road traffic abatement scenarios in Gothenburg for the 
time period between 2015 and 2035 (Ögren et al.). The examined measures are: 

 Low noise tyres (reduction of tyre rolling sound by 3 dB or 5 dB). 
 Low noise pavements (silent road surfaces). 
 Quiet areas (it was assumed that all new dwellings will be built to areas where the sound 

emissions are below 45 dB). 
 The use of electric vehicles. 
 Traffic management (lower speed limit by 10 km/h). 
 Traffic reduction (30% reduction of traffic over 20 years.  

The use of noise barriers was not included as in many cases it is difficult to select the areas to build 
them and only dwellings close to them are benefited. For example, buildings on a hill may be 
impossible to be protected from noise barriers. 

The estimated number of inhabitants exposed to A-weighted equivalent noise levels (24h) from road 
traffic above 55 dB, are presented in Figure 20Figure 19 and Figure 21. Once again, it is observed 
that dealing with sound emissions at source (vehicle sound emissions) is the most effective way. 



 

Figure 20: Estimated number of inhabitants exposed to A-weighted equivalent noise levels (24h) from road 
traffic above 55 dB, for low noise tyres and low noise pavements. 

 

Figure 21: Estimated number of inhabitants exposed to A-weighted equivalent noise levels (24h) from road 
traffic above 55 dB, for quiet areas, electric vehicles, reduction of speed limit and traffic 

reduction. 

Also, other additional measures that were found during literature review include an added not to 
exceed limit (90 dB), to the existing ASEP could possibly limit the excessive sound emissions and it 
is also easy to measure and monitor (T&E, 2012). 

Results from the analysis of the KBA and RDW databases 

The results presented in this subsection are based on the analysis of the KBA and RDW databases. 
These contained TA sound values of vehicles type-approved in the past years. The focus was mainly 



 

on the 3 previous years: 2018, 2019 and 2020 (few entries only in RDW), in order to reveal any 
trends in the type-approval values and obtain useful information that can be used in the proposal of 
new sound limits. 

In Figure 22 and in Figure 23, the summary results from the analysis of the KBA and RDW databases 
are presented accordingly, for M1 vehicles with PMR≤100 kW/t (KBA) and M1 vehicles with 
PMR≤120 kW/t. There is a clear trend towards lower type approval values for newer vehicles, which 
is observed in both KBA and RDW. 

 

Figure 22: KBA - Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR≤100 
kW/t. 



 

Figure 23: RDW - Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR≤120 
kW/t. 

The same type of results for the rest vehicle categories are presented in Annex III, where again it is 
observed that newer vehicles are type-approved with lower type approval values. In Table 14 and 
Table 15 the distribution of the TA values for all vehicle categories is presented for the KBA and 
RDW databases accordingly, for the years 2019 and 2020. These values are compared to the current 
phase 3 limit of Regulation (EU) No. 540/2014. The values in the parenthesis is the difference of the 
type approval value from the current phase 3 limit of Regulation (EU) No. 540/2014. Also, noted in 
red are the vehicle sub-categories where only a few entries were available. 

It is clear that in many cases the 50% of the fleet is type-approved with values equal or lower than 
the current phase limit of Regulation (EU) No. 540/2014. Also, for some vehicle categories such as 
N1 vehicles with M>2.5 t, approximately 20% of the vehicles have a type approval value of 2 dB 
lower than the current phase 3 limit. These observations indicate that there is room for a limit 
reduction of phase 3 for some vehicle categories. 
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Table 14: Distribution of the type approval values for all vehicle categories, KBA database. 

 

Table 15: Distribution of the type approval values for all vehicle categories, RDW database. 

 

 

Main findings from the literature review 

Taking into account all the above information it can be concluded that there is room for improvement 
(reduction) of the sound emissions of M- and N-category vehicles. This is also supported from the 
analysis of the KBA and RDW databases, which showed that there is a significant part of the vehicle 
fleet, where the type approval values are already lower than the current phase 3 limit value of 



Regulation (EU) No. 540/2014. This indicates that the further reduction of sound emission limit is 
technically feasible. 

More specifically, there are some technological solutions that can reduce vehicle noise and on the 
same time improve fuel consumption. These include: 

 Improved aerodynamics 

 Controlled engine speeds 

 Hybrid electric vehicles 

Additionally, tyre rolling noise has a potential for improvement (reduction). There are concerns that 
this may negatively influence the safety parameters of the tyres, but there is no clear conflict between 
tyre rolling noise and fuel consumption and safety (wet grip, rolling resistance). 

Finally, it was made clear from the analysis of the KBA and RDW databases that the level of reduction 
could be different for the various vehicle categories, which is also supported from the findings of the 
feedback gathering procedure.  

2.5 Synthesis of findings from the feedback 
gathering and the literature review 

The feedback gathering procedure and the literature review provide insight on the possible existing 
and future issues for achieving lower sound limits. Additionally, the necessary changes and 
technological advancements for achieving these limits are described, along with the expected health 
and environmental benefits. Finally, the analysis of the KBA and RDW databases provide useful 
information on what are the type-approval values of recently homologated vehicles, which can be an 
indicator of what could be a feasible reduction in the sound emission limits. In the section below, the 
synthesis of findings from both the feedback gathering and the literature review is presented. In 
general, it is concluded that: 

 There is some potential for reduction of the sound limits of phase 3 of Regulation (EU) No. 
540/2014, with the exception of some vehicle types. 

 Better coverage of operation conditions is considered to be required for thorough sound 
emissions control. 

 Potential reductions will require advancements in both vehicle and tyre technology. 

 Regulation enforcement seems to be a major concern and is a recurring item that goes 
beyond current regulation but is known to provide sound benefits. 

Below there are details about the magnitude of reduction that is considered achievable for each 
vehicle category and possible issues that may occur during the implementation of such limits. It 
should be noted that the limit value for these vehicles during type approval is described from phase 
1 of Regulation (EU) No. 540/2014. For the scenario presented 4-5 years are expected for adaptation 
or 6-8 years in a more relaxed scenario. 

M1 vehicles with PMR ≤ 120 kW/t 

In Table 16 the limit proposal for M1 vehicles with PMR ≤ 120 kW/t is presented. 14% or more of the 
fleet is already type approved with a value 1 dB lower than the current phase 3 limit. As a result, it is 
considered possible that the phase limit could be 67 dB instead of 68 dB. There may be some 
difficulties with the implementation of the lower limit for lower PMR (budget) cars as it is expected 
that the cost increase from the implementation of sound control technologies will greatly affect the 
total cost of these vehicles. 

 



 

Table 16: Limit proposal for M1 vehicles with PMR ≤ 120 kW/t. 

 

M1 vehicles with 120 < PMR ≤ 160 kW/t 

In Table 17 the limit proposal for M1 vehicles with 120 < PMR ≤ 160 kW/t is presented. 50% of the 
fleet was already type approved with a value 1 dB lower than the current phase 3 limit and at least 
10% of the fleet was type approved with a value 2 dB lower than the current phase 3 limit. As a result, 
it is considered possible that the phase 3 limit could be 68 dB instead of 69 dB. 

Table 17: Limit proposal for M1 vehicles with 120 < PMR ≤ 160 kW/t. 

 

M1 vehicles with PMR > 160 kW/t  

In Table 18 the limit proposal for M1 vehicles with PMR>160 kW/t is presented. 20% of the fleet was 
already type approved with a value 1 dB lower than the current phase 3 limit. As a result, it is 
considered possible that the phase 3 limit could be 70 dB instead of 71 dB. 

Table 18: Limit proposal for M1 vehicles with PMR>160 kW/t. 

 

Ν1 vehicles with Μ ≤ 2.5 t 

In Table 19 the limit proposal for N1 vehicles with M≤160 kW/t is presented. 69% of the fleet in the 
KBA and 37% of the fleet in RDW was already type approved with a value 1 dB lower than the current 
phase 3 limit. As a result, it is considered possible that the phase 3 limit could be 68 dB instead of 
69 dB. 



Table 19: Limit proposal for N1 vehicles with M≤2.5 t. 

 

Ν1 vehicles with Μ > 2.5 t 

In Table 20 the limit proposal for N1 vehicles with M>2.5 t is presented. 74% of the fleet in the KBA 
and 36% of the fleet in RDW was already type approved with the current phase 3 limit value. Also, 
25% of the registered vehicles in the KBA and 18% in the RDW were homologated with a type 
approval value 2 dB lower than phase 3 limit. Thus, it is considered feasible that the phase 3 limit 
could be 70 dB instead of 70 dB. 

Table 20: Limit proposal for N1 vehicles with M>2.5 t. 

 

Μ2 vehicles 

In general, there were not many recordings in KBA and RDW databases for M2 vehicles. More 
specifically there were some registrations for M2 vehicles with 2.5 t < M ≤ 3.5 t in the KBA database 
(2019). 52 % of the vehicles’ TA values are 2 dB(A) higher than the phase 3 limit and 17 % of the 
vehicles’ TA values are 1 dB(A) higher than the phase 3 limit. Additionally, there are no specific 
conclusions regarding M2 vehicles from the feedback gathering procedure and literature review. 
Consequently, it is expected that M2 vehicles’ type approval values would follow a similar trend as 
the rest of the vehicle categories. The proposed limits are based on the observations on the rest of 
the vehicle categories and is -1 dB(A) in comparison to the current phase 3 limit, for all M2 vehicles. 

Ν2 vehicles with Pn ≤ 135 kW 

In Table 21 the limit proposal for N2 vehicles with Pn ≤ 135 kW is presented. In the KBA, 46% of the 
fleet was already type approved with a value 3 dB lower than the current phase 3 limit. In the case 
of RDW, approximately 20% of the registered vehicles were type approved with a value 1 dB(A) 
lower than phase 3 limit. For Ν2 vehicles with Pn ≤ 135 kW two possible options are suggested: 
option one is 72 dB (A) (2 dB(A) lower than phase 3 limit) and option 2 is 71 dB(A) (3 dB(A) lower). 

 



 

Table 21: Limit proposal for N2 vehicles with Pn≤135 kW/t. 

 

Ν2 vehicles with Pn > 135 kW 

In Table 22 the limit proposal for N2 vehicles with Pn > 135 kW is presented. In the KBA, 52% of the 
fleet was already type approved with a value 2 dB lower than the current phase 3 limit. In the case 
of RDW (2020), approximately 20% of the registered vehicles were type approved with a value 1 
dB(A) lower than phase 3 limit. For Ν2 vehicles with Pn > 135 kW two possible options are suggested: 
option one is 74 dB (A) (1 dB(A) lower than phase 3 limit) and option 2 is 73 dB(A) (2 dB(A) lower). 

Table 22: Limit proposal for N2 vehicles with Pn>135 kW/t. 

 

M3 and N3 vehicles with Pn ≤ 150 kW 

For M3 vehicles with Pn ≤ 150 kW current Regulation (EU) 540/2014 phase 3 limit is 73 dB(A) and 
76 dB(A) for N3 vehicles with Pn ≤ 150 kW. Similarly to M2 vehicles, there are only a few vehicles 
registered in the KBA database. More specifically, for N3 vehicles with Pn ≤ 150 kW there are a few 
entries, with type approval values of 77 dB(A) and 78 dB(A). Additionally, according to the feedback 
gathering procedure, compliance with phase 3 limits is expected to be at risk for N3 vehicles with Pn 
< 250 kW. As a result, no new limits are proposed for M3 and N3 vehicles with Pn ≤ 150 kW. 

M3 vehicles with 150 < Pn ≤ 250 kW 

In Table 23 the limit proposal for M3 vehicles with 150 < Pn ≤ 250 kW t is presented. 83% of the fleet 
in the KBA was already type approved with the current phase 3 limit value. Also, 14% of the 
registered vehicles in the KBA and 2% in the RDW were homologated with a TA value 1 db lower 
than phase 3 limit. Thus, it is considered feasible that the phase limit could be 75 dB instead of 76 
dB. 



Table 23: Limit proposal for M3 vehicles with 150<Pn≤250 kW/t. 

 

M3 vehicles with Pn > 250 kW 

In Table 24 the limit proposal for M3 vehicles with Pn > 250 kW is presented. In the KBA, 47% of the 
fleet in the KBA database and 68% in the RDW was already type approved with a value 3 dB lower 
than the current phase 3 limit. In the case of RDW (2020), 24% of the registered vehicles were type 
approved with a value 4 dB(A) lower than phase 3 limit. For M3 vehicles with Pn > 250 kW two 
possible options are suggested: option one is 75 dB (A) (2 dB(A) lower than phase 3 limit) and option 
2 is 74 dB(A) (3 dB(A) lower). 

Table 24: Limit proposal for M3 vehicles with Pn >250 kW/t. 

 

N3 vehicles with Pn > 250 kW 

In Table 25 the limit proposal for N3 vehicles with Pn > 250 kW is presented. In the KBA, 45% of the 
fleet in the case of KBA database and 59% in the RDW was already type approved with the phase 
3 limit value. In the case of RDW (2020), approximately 63% of the registered vehicles were type 
approved with a value 2 dB(A) lower than phase 3 limit. For Ν3 vehicles with Pn > 250 kW two 
possible options are suggested: option one is 78 dB (A) (1 dB(A) lower than phase 3 limit) and option 
2 is 77 dB(A) (2 dB(A) lower). 



 

Table 25: Limit proposal for M3 vehicles with Pn >250 kW/t. 

 

Possible scenarios for lower limit values and indicative timeframe 

Based on the work performed in the framework of the feedback gathering procedure and literature 
review of the study, Table 26 summarizes the possible scenarios for lower sound limit values that 
could be included in the CBA. Regarding the time period required for the industry to adapt to lower 
limit values, 4-6 years should be provided in the moderate scenario; a longer period, 6-8 years, 
should be provided for a more relaxed scenario. In the cases where there are two scenarios, a 
moderate and a more ambitious one, proposals can be combined in a sequence time frame with 
consequent phases. 

Table 26: Possible scenarios for lower sound limit values. 

 

Additional remarks 

It was made clear through both the feedback gathering and the literature review, that a limit reduction 
is not the only possible way to reduce vehicle sound emissions. Additional other potential measures 
can be changes on the testing method of Regulation (EU) No. 540/2014 or changes on the ASEP 



testing procedure described in Annex VII of the same Regulation. Finally, as tyre sound emissions 
greatly contribute to the total vehicle sound emissions, a reduction in the tyre noise limits could also 
be beneficial. These alternative measures and some combinations of them could be examined in the 
CBA (Task 4) of the current study. 

  



 

3 Testing of vehicles’ sound emission levels 
The objective of including vehicle testing with sound emission measurements in the study is to verify 
current sound levels of state-of-the-art vehicles and to investigate the current sound emissions 
control technology and the technical feasibility for improvement of sound level performance. 
Furthermore, to assess the contribution of various sources (vehicle components) to the sound level 
(noise source ranking). 

3.1 Vehicle selection and justification 
Selection of vehicles has been made according to various criteria within the current type-approved 
vehicles for each M1, M2 and M3 as well as N1, N2 and N3 vehicle classes. The definition of the 
different vehicle classes which were tested within this study, are explained in Error! Reference 
source not found. according UNECE/TRANS/WP.29/78/Rev.6 below. 

For identification of the specific vehicles, the different shares of the particular subcategories (PMR 
or technically permissible maximum laden mass) within the whole vehicle fleet were discussed. 
However, to give a complete picture of the state-of-the-art technical content of the whole vehicle 
fleet, the tested vehicles shown in Table 27 were identified. The main criteria for the specific vehicles 
were the following: 

 Represent each Power-to-Mass Ratio (PMR) category 

 Show influence of different transmission technologies 

 Availability of specific models in suitable condition for testing within the current rental market 

Vehicles were rented for the needs of the project and tested unmodified. Levels of degradation were 
consistent with their respective mileage (no obvious degradations, or visual signs of excessive wear). 
The mounted tyre sets did not show visual signs of excessive dynamic driving and the additional new 
tested tyre sets were subjected to a short run-in phase. 

M
- Power-driven vehicle with at least four wheels 
- Purpose built for passenger transportation

M1 - Vehicles with less than 9 Seats (1 Driver + 8 Passenger)

M2 - Vehicles with maximum mass below 5 tonnes & more than 9 Seats

M3 - Vehicles with maximum mass above 5 tonnes & more than 9 Seats

N
- Power-driven vehicle with at least four wheels 
- Purpose built for transportation of goods

N1 - Vehicle with maximum mass below 3,5 tonnes

N2 - Vehicle with maximum mass above 3,5 tonnes & below 12 tonnes

N3 - Vehicle with maximum mass above 12 tonnes 

Vehicle 
category

Specification

Figure 24: Definition of tested vehicle categories according 
ECE/TRANS/WP.29/78/Rev.6. 
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Table 28: Overview of tested vehicles. 



 

The vehicle set shown in Table 28 was acquired for testing. Vehicles are listed according its 
categories defined in ECE/TRANS/WP.29/78/Rev.6. Short summary is given with Figure 24 above. 

For a better understanding of the distribution of the power-to-mass ratio (PMR) of the tested M1 
vehicles are shown in Figure 25. According to the regulation, the PMR is derived from the quotient 
of the rated Power of the Engine Pn in kW and the actual vehicle test weight mm in tons. ECE R51.03 
describes different Limit values for PMR Groups. For M1 vehicles it is separated in three 
subcategories with one spin-off subcategory. They are separated from a PMR < 120kW/t to 120kW/t 
< PMR <160kW/t to PMR > 160kW/t. 

The spin-off of the subcategory is separated by PMR > 200kW/t with additional requirements on 
number of seats and driver H-Point height above ground. Three of the chosen vehicles, the 
“Subcompact”, “Subcompact SUV” and “Compact SUV” all stay below the 80kW/t Line. According to 
the RDW Database about 90% of all M1 vehicles with internal combustion engine currently in stock 
in the Netherlands, have a PMR below 80kW/t. 

Despite that, because of the big differences in terms of pass-by noise characteristic between different 
vehicle categories and because of insufficient statistical representing vehicle count, the tested 
vehicle set only represents our best estimated picture of the complete vehicle stock currently present 
in the European Union. 

 

3.2 Testing Procedures and Test matrix 
In the following a short description of the testing principles are laid out. This is supposed to help to 
understand test results and does not substitute detailed study of certification Procedure UNECE 
R51.03.  

 

Test Procedure 

 

Testing has been performed on ISO 10844 certified test track, within ambient weather conditions 
according to that regulation. 

 

Figure 25: Tested M1 Vehicles - PMR Range. 



The test vehicle closely follow centre line CC’, shown in Figure 26 to approach test area paved with 
standardized surface. At virtual approach line AA’ the sound measurement zone starts and ends with 
leaving the perpendicular Line BB’ +20m. In the middle of the measurement Zone at virtual line PP’, 
two microphone, one on the right-hand side and one on the left hand-side, are placed at distance of 
7,5m to the centre line CC’.  

Current Pass-by noise certification distinguishes between three default driving scenarios: 

  

 Annex 3 for M1, N1 Vehicles and M2 ≤ 3500 kg technically permissible maximum laden 
mass: 

 

The Pass-by sound pressure level of every vehicle in this category is tested with a constant speed 
drive resulting in Lcrs and with a full-load acceleration resulting in Lwot. In both cases the vehicle speed 
at point PP’ must be vtest = 50km/h ±1km/h. For full load acceleration the vehicle approaches the 
measurement zone with a constant speed and starts a maximum Acceleration right bevor it enters 
the measurement Zone. The exact entrance speed depends on the acceleration capability and need 
to be found out, to reach 50km/h at virtual Line PP’. Independently of the gear ratio and engine power 
curve, there is a defined reference acceleration depending only on the power-mass-ratio (PMR). It is 
divided in two subcategories.  

For PMR ≥ 25 it is defined awot ref = 1.59 * log10 (PMR) -1.4 and for PMR < 25 the acceleration is awot 
ref = aurban = 0.63 * log10 (PMR) - 0.09. In general, it is demanded to stay below awot = 2 m/s2. Derived 
from these provisions the selection of gear ratios for the test depends on their specific acceleration 
potential awot under full throttle condition, according to the reference acceleration awot ref required for 
the full throttle acceleration test. If it is not possible to reach the reference acceleration, it is necessary 
to test in two gears, one with higher and one with lower acceleration. There are several more 
requirements on the driving speed and acceleration, especially for automatic transmissions, CVTs 
or Vehicles with Single-Gear-Drivetrain. The final sound-pressure level is called LUrban and is a 
calculated single value derived from Lcrs and Lwot. The partial power factor kp is used for this weighted 
combination, which is then representing a driving condition in urban environment. This urban driving 
condition is expressed by a target acceleration aurban at a partial throttle condition in urban traffic and 
is derived from statistical investigations. The target acceleration is aurban = 0.63 * log10 (PMR) - 0.09. 
In cases other than a single gear test, kp is calculated by kp = 1 – (aurban / awot ref), if only one gear 
was specified for the test, kp is given by kp = 1 – (aurban / awot test) and in cases where awot test is less 
than aurban,  
kp = 0. Due to the requirements on the acceleration, the partial power factor usualy has a value 
between 0 and 0.4. Values tending towards 0 resulting for vehicles which are rather low powered 
and therefore need a higher load acceleration to follow typical urban traffic flow. Partial power factors 
which are rather close to 0.5, occur for vehicles, which can follow urban traffic with relative small 

Figure 26: Pass-by Test Track Set up. 



 

amount of its power capability.  The final equation to extract the assessment value is Lurban = Lwot – 
kp * (Lwot – Lcrs). 

 

 Annex 7 ASEP (Additional Sound Emission Provision) for M1 and N1 with Internal 
Combustion Engine: 

 

The procedure set out in this annex requires the performance of a prior test in accordance with annex 
3. It was added to the existing test principle in annex 3 to restrict extreme test cycle purpose-built 
development and to ensure effective impact on reduction of traffic related noise. Therefore, a much 
wider driving control range is tested. The vehicle speed can be between 20km/h and 80km/h 
compared to the vehicle speeds around 50km/h in annex 3. And the maximum permissible 
acceleration is up to 5.0 m/s2, much higher than the 2.0m/s2 in annex 3. Despite that, every gear ratio 
κ which is lower or same as the gear determined in annex 3 and which leads to test results within in 
the control range, need to comply with sound emission limit regulations. The ASEP measurements 
are only about full-load accelerations, however it uses the constant drive test results from annex 3 in 
some of the determination values. The basic test principle is the same as in annex 3. The vehicle 
closely follows the virtual line CC’. Once it approaches the measurement zone at virtual line AA’ a 
full-load respectively a wide-open throttle acceleration is carried out. The measurement is valid, when 
all relevant values stay within the control range. The control range is defined for the Vehicle speed 
vaa’_ASEP ≥ 20km/h to vbb’_ASEP < 80km/h, the vehicle acceleration awot_ASEP ≤ 5.0 m/s2 and the engine 
speed  
nbb’_ASEP ≤ 2.0 * PMR-0.222 * S or nbb’_ASEP ≤ 0.9 * S, whichever is the lowest (S is the rated engine 
speed). For testing itself, there are four test points for each gear necessary. The first test point P1 
(marked with κ1) is defined by using an entry speed vAA,κ1 = 20 km/h + 3 km/h.The test speed for 
the fourth test point P4 in any gear is defined by either 0.95 x nBB_ASEP ≤ nBB,κ4  ≤nBB_ASEP   
or vBB_ASEP - 3 km/h ≤ VBB,κ4 ≤ VBB_ASEP. The test speed for the other two test points is defined 
by the following formula:  
test point Pj: vBB,κj = vBB,κ1 + ((j - 1) / 3) * (vBB,κ4 - vBB,κ1) for point j = 2 and 3 with a tolerance 
of ±3 km/h. This basically results in an even distribution for the tested vehicle speeds.  
    

 

 Annex 3 for N2, N3, M3 and M2 > 3,500kg technical permissible laden mass: 

 

The vehicle closely follows the virtual line CC’. Once it approaches the measurement zone at virtual 
line AA’ a full-load respectively a wide-open throttle acceleration is carried out. The accelerator 
control shall be fully depressed (without operating the automatic downshift to a lower range than 
normally used in urban driving) and held fully engaged until the vehicle leaves the measurement 
zone.  

To achieve permissible measurements the engine speed nbb’ and the vehicle speed vbb’ need to fulfil 
at line BB’ the target conditions. The target conditions are vbb’ = 35km/h ± 5 km/h for the vehicle 
speed. 

For N2 and M2 > 3,500kg the engine speed at the end of the measurement zone has to be within 70 
to 74 per cent of the rated engine speed 0.7 * S < nbb’ < 0.74 * S. 

For N3 and M3 vehicles the engine speed at line BB’ has to reach 85 to 89 per cent of the rated 
engine speed, 0.85 * S < nbb’ < 0.89 * S. In case no gear is able to stay within the target conditions 
there are several detailed options given, to a achieve a valid measurement. Detailed information on 
these optional cases, can be found in the UNECE R51.03 under Chapter 3 – Methods of testing. 

Another important point is the target mass mtarget, since the vehicle testing conditions shall be 
representative of vehicles to be put on the market.  

For N2 and N3 the target mass depends on the rated engine power, defined as 



mtarget = 50 [kg/kW] x Pn [kW]. It can be the case that extra loading, mxload, to reach the target mass, 
mtarget, is necessary. This extra loading is always placed above the rear axle(s).  

If the test mass mt is equal to the target mass mtarget, the test mass mt shall be  

0.95 * mtarget ≤ mt ≤ 1.05 mtarget 

The sum of the extra loading and the rear axle load in an unladen condition, mra load unladen, is 
limited to 75 per cent of the technically permissible maximum laden mass allowed for the rear axle, 
mac ra max. Target mass, mtarget, is used to denote the mass that N2 and N3 vehicles should be tested 
at. The actual test mass of the vehicle can be less due to limitations on vehicle and axle loading. 
Measurements shall be made without any trailer, except in the case of non-separable vehicles. At 
the request of the manufacturer, measurements may be made on vehicles with lift axle(s) in a raised 
position 

 

Test Matrix 

The Testing Matrix shown in Table 28was planned according to two premises. One aspect was the 
technical possibilities, like transmission modes and selectable drive modes. Second aspect was the 
certification background, for example the ASEP (Additional Sound Emission Provision) is relevant 
for M1 / N1 vehicles. The tested cases are marked with x for each vehicle. For the hybrid vehicle, 
the ASEP test could only be performed with higher acceleration then it is limited in the test procedure, 
explaining the marking with brackets (X). The decision on what test each vehicle had to perform, was 
considered against the background of cost-benefit. Benefit meaning adding valuable information for 
the purpose of this study. 

One background aspect to mention before assessing the results of the tested vehicles is the 
information on the exact regulation in which they were type-approved. Typically manufacturers 
develop and equip their vehicles, that they will fulfil the specific requirements of the markets they will 
be sold. When tested in different test conditions, results might differ from required limits. This is 
especially important for M1 vehicles ASEP testing, since this kind of broad testing in terms of tested 
gears, tested speed range and maximum acceleration differ significantly from previous tests. As 
accurate as it could be found, for the tested M1 vehicles the type approval dates are: 

 Roadster    Q2 2015 
 Hot Hatchback   Q1 2019 
 Subcompact   Q3 2018 
 Subcompact SUV  Q3 2013 
 Compact Wagon Hybrid Q4 2018 
 Compact SUV   Q1 2016 

All vehicle types, which were type approved before 2016, are not type approved within former 
regulation. This would be the case for the “Roadster”, the “Subcompact SUV” and it could also be 
the case for the “Compact SUV”. These vehicles did not need to fulfil the ASEP testing and were 
tested according to the previous UNECE R51.02 testing, which only was a full load acceleration from 
50km/h vehicle speed. 
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X
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Table 29: Test matrix, listing every executed test on each vehicle. 



3.3 Results M1 Vehicles Task 2: R51.03 Annex 3 and 
Annex 7 ASEP 

The following chapter shows the detailed M1 results of the ECE R51.03 annex3 and ASEP testing 
with intermediate results. All vehicles come up with comparable values regarding their stated type-
approval levels.  

Since the limited possibilities to employ the “Examples for devices and measures to enable a vehicle 
tested within the acceleration boundaries” described in UNECE R51.03 Annex3 - Table 1, not every 
vehicle, with every available driving mode, was measurable strictly according to regulation. This 
would have meant changes in the Engine / Vehicle Control Unit (ECU / VCU), which is usually only 
possible for the manufacturer. All of them were documented in the tables below. It was measured as 
close as possible to regulation boundary conditions. 

UNECE R51.03 Annex 3 
 

 

Not every result did reproduce the type-approval Lurban level. The Lurban of the light two-seater 
“Roadster” with a testing mass mm just over one ton and a rated engine Power of 135kW was almost 
2dB(A) higher than it was measured during type approval. One reason might be that also the tyres 
did not show sights of excessive dynamic driving, since it was a rental sports car with some km on 
the odometer, the reason may still be in the most likely dynamic driving style and the impact of it on 
engine, chassis and tyres. However, the measured Lurban result is still within current Limits and it 
would be qualified for type approval today. It was measured in fourth gear with awot = 1,54m/s2, which 
resulted in partial power factor of kp = 0,2. Due to the lower awot than reference acceleration would 
have required, the resulting kp factor leads to Lurban close to the Lwot result. In this case, third gear 
measurements resulted in violation of the awot = 2.0m/s2 Limit, which lead to the section “Determine 
first gear i+n (n=1,2,…) with stable acceleration less than or equal to 2,0m/s2  and engine speed less 
than S prior to BB”, with acceleration in higher gear still above aurban (see UNECE R51.03 Annex 3 
Flowchart Figure 4c). 

The “Hot Hatchback” is a sportscar with a high power-to-mass ratio PMR = 183. It is equipped with 
an automated double clutch transmission. With locked gear setup it was possible to perform testing 

Table 30:Matrix with R51.03 test results of M1 vehicles, comparing final R51.03 result Lurban with homologation levels 
and legal limits. Additionally, intermediate R51.03 values are given. 



 

according to regulation. It was measured in “standard” mode and in “individual” mode. Individual 
mode meant loudest possible settings for the selectable parameter. Similar to the “Roadster” result, 
here again, it was not possible to measure stable acceleration in gear i below 2.0m/s2. The 
measurement was performed in fourth gear, both standard and individual mode resulted in awot 

around 1.50m/s2, individual mode tests being a little bit slower awot = 1.46m/s2. Individual mode results 
Lurban = 69.9dB(A) are in the 0.2 dB(A) range higher than standard mode results, but this in the range 
of measurement uncertainty. Both locked gear results would be even below the 71dB(A) - Phase 3 
limit in power by the year 2024. For the non-locked gear tests, two driving modes, “standard” and 
“sport”, were tested as well. Sport mode meant loudest possible setting for all selectable parameter. 
The non-locked gear measurements couldn´t be performed according to regulation because it wasn´t 
possible to prevent the vehicle in inadmissible acceleration scenarios. In the sport mode the 
acceleration resulted in a downshift (with or without pre-acceleration) to third gear and an 
acceleration of awot = 3.33 m/s2. This resulted in an extremely high Lwot = 88,9 dB(A) Pass-by Level. 
For relation the long-term exposure limit value is L = 85 dB(A). At this point it must be mentioned that 
this car is meant to deliver extraordinary sporty driving if this is asked for, in the bare numbers as 
well as for the emotions. Consequently, the test showed a widespread in noise level from constant 
driving Lcrs to Lwot of about 20 dB(A). That is why, still with a very high partial power factor of kp = 0.6, 
the result of LUrban = 76,7dB(A) is about 5 dB(A) higher than any other tests results of this vehicle, 
even above Phase1 limit. To be able to test a more comparable driving condition, in terms of 
regulation limits on maximum acceleration, the standard mode test was measured in part load 
resulting in awot = 1.39m/s2 which was above the aurban. However, this resulted in a Lurban = 71.6dB(A) 
about 0.5dB(A) higher than locked gear results. 

A very opposite vehicle category was tested with the “Subcompact” measurement campaign. 
Purpose of the vehicle design is a cost-efficient way to cover short distance drives in Urban areas. 
Key Information are the low power to mass ratio of PMR = 75 and the Continuous-Variable-
Transmission (CVT). There are different concepts on the market to realize this Concept. The tested 
vehicle uses a V-belt which runs between two variable diameter pulleys. Acceleration of the car and 
keeping the engine at same engine speed, is thereby possible. In most of the cases, to avoid a so 
called “motorboat” effect, which is not appreciated by most of the customers, a small deviation in 
engine speed is programmed by software, to stage a shifting transmission like behavior. 
Motorboating effect is the impression for the driver of being on a boat, where the vehicle is 
accelerating while the engine stays at the same usually high engine speed. R51.03 describes 
requirements for those transmissions similar to other types of non-locked automatic transmissions. 
Tests included “Standard“ mode and “Sport” mode – Sport mode holding the engine in more high 
power working point sacrificing fuel efficiency. Results for non locked tests are maximum acceleration 
for standard mode of awot =  1.87m/s2 whereas for the sport mode very close to the 2.00m/s2 limit. 
However the Lwot only increases by 0.3dB(A). Interestingly the constant drive differences are higher, 
at about 0.5dB(A). This comes with the increased engine speed. At virtual line PP’ the standard mode 
test had npp’ = 1150 1/min compared to sport mode npp’ = 2160 1/min, because of that sport mode 
improves instant reaction on gas pedal commands. However due to higher acceleration, for the final 
result both resulting in a Lurban = 69.1dB(A) reproducing exactly the homologation Level. For the 
locked gear test both vehicle modes resulting in the same Lurban = 71.6dB(A). Both where measured 
in a fixed gear ratio, which was named third gear, achieving reference acceleration requirements. 
Reason for same result is the similar maximal acceleration. The locked gear configuration does not 
change with different driving modes. The sport mode does allow higher engine speeds during 
acceleration, however for the pass-by test, these conditions are outside the testing range. 

In recent years small SUV are a quite popular vehicle segment. The “Subcompact SUV” vehicle is a 
typical representative of this segment, with about 1.4t and a PMR = 66.14. The test vehicle was had 
an automated Transmission with no possibility to lock the gear ratio. However it was possible to 
select driving modes between a “standard” mode and a “sport” mode. Standard mode resulting in 
Lurban = 69.5dB(A) with maximum acceleration of awot =  2.00m/s2 staying right below the Limit. For the 
sport mode, with are more aggressive acceleration, it was not possible to stay below this Limit. 
Because of that, it was measured with part load acceleration, aiming for the reference acceleration 
awot ref = 1.48m/s2. Compared to standard mode despite of the part load this resulted in an 0.5dB(A) 
increased Lurban. Reason for that is a higher gear for constant driving test and a Lcrs = 67.2dB(A) 



being 0.5dB(A) above standard mode and due to the lower acceleration awot a lower partial power 
factor. Both results are still quite close and comparable to the homologation level. In fact this vehicle 
as it is would be ready for pass-by certification until Phase 2 ends in year 2024. 

Due to global warming and the CO2-Emissions caused by the transportation sector, governments in 
many EU countries have introduced subsidies for alternative propulsion systems. A very popular 
grant-aided answer to this challenge are plug-in Hybrid vehicles, with an internal combustion engine 
(ICE) and an electric engine combined. The vehicle tested was a wagon belonging to the compact 
segment. Also, it is quite a powerful car with a maximum engine Power of Pn = 288kW, because of 
the heavy battery, the power to mass ratio stays at PMR = 126. Due to the sophisticated parallel 
hybrid power train, it was not possible to measure the vehicle within the R51.03 required Limits. It 
was measured in two driving modes. One was “dynamic” mode with maximum performance delivered 
by the hybrid Powertrain, the other one was “Electric Drive” mode, propelled solely by the electric 
engine. For the “dynamic” mode, due to the instant torque shared by the electric engine combined 
with a powerful ICE, the maximum acceleration reached well over 2.0m/s2 Limit, with awot = 4.27 m/s2. 
This consequently resulted in a high pass-by noise level of Lwot = 76,4dB(A). Accordingly, the partial 
power factor is a very high kp = 0.707. The Constant Drive measurements on the other hand are well 
within the range of results by other smaller and lighter vehicles. Final result is an Lurban = 69.1dB(A). 

To be able to perform a stable electric drive measurement, without access to the engine control unit, 
it was only possible by pressing the gas pedal down until right before kick-down. Although this is by 
definition not fully pressed gas pedal, as it is required by regulation, the driving point was stable. The 
measurements maximum acceleration results only deviated by Δawot = 0.10m/s2, however since the 
electric engine is not very powerful, a maximum acceleration of only awot = 1.19 m/s2 was measured. 
This is well below awot ref as well as below aurban. Final Lurban result is therefore, with a partial power 
factor kp = 0, the Lwot result, but the results for constant drive and for full electric acceleration are only 
1.5dB(A) apart anyway.  

The last M1 vehicle of the tested vehicle set was a so-called Sports-Utility-Vehicle in compact 
segment comparable size. The tested “compact SUV” has a permanent all-wheel drivetrain with 
manual transmission. For this vehicle a two gear test was necessary. According the PMR = 61, the 
reference acceleration is  
awot rev = 1.43 m/s2, but third gear acceleration showed awot = 2.29 m/s2 being higher than maximal 
acceleration limit of 2.0 m/s2. However fourth gear accelerations wasn’t clearly above aurban = 1.04 m/s2. 
Based on the third and fourth gear, a weighting ratio k = 0.269 was derived. This weighting factor is 
used to calculate a single reference value between third and fourth gear results. The constant drive 
Lcrs ref  = 69,5dB(A) and wide-open throttle drive Lwot ref = 68.8dB(A) resulted in an Lurban = 69.3dB(A). 
This is well below the homologation level of 72dB(A). There could be found a clear reason, one 
possibility might be, that it was covered by a another worst - case vehicle configuration. 

The summary in Figure 30 shows all the cumulated results for the M1 vehicles with their specific 
PMR values on the x-Axis. The illustrated rolling (tyre-) noise are results from presented in following 
chapter. Two aspects are to be mentioned on that Figure. One is the rolling noise results, which 
represent a lower limit. Without more silent tyres, it is not possible to achieve results below the rolling 
noise, which does make the Phase 3 limit as it is proposed especially challenging for vehicles in the 
PMR < 120 subcategory. Second aspect is the range of Lurban results, if a vehicle is only driven close 
to required limits on acceleration. 

 



 

 
ASEP 

The UNECE R51.03 Annex 7 ASEP does not need to be demonstrated for type-approval. However, 
the manufacturer has to state that the vehicle to be type-approved, comply with the limits described 
in the regulation. The approval authority can ask the manufacturer to carry out the testing. As 
described in the Chapter 3.2 every vehicle is tested with every gear, which fulfills the control range. 

For the analysis itself there are three main methods, the Slope-Assessment, the Lurban-Assessment 
and the Reference-Sound-Assessment. For type approval, manufacturer can choose between 
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Figure 28: ASEP Results M1 Vehicles Matrix with ASEP Lurban-Assessment test results of M1 vehicles, comparing 
with Annex 3 results, homologation levels and legal limits. 

Figure 27: M1 Lurban & LRolling noise Range. 



Slope-Assessment and Lurban-Assessment. These two analyses are calculated for every of the four 
measurement points each possible gear needs to be measured in. The Reference-Sound-
Assessment is a separate post-process that also needs to be fulfilled. It is possible to simulate this 
assessment with a single point in one discrete gear by simulating an acceleration condition assuming 
an exit speed vbb’ equal to 61 km/h using information from the Slope-Assessment. The Reference-
Sound-Assessment direct measurement method, demands target conditions for entrance speed vaa’ 
= 50km/h ±1km/h unless vbb’ exceeds 61 km/h. If vbb’ exceeds 61 km/h, the target test speed vbb’ shall 
be set to 61km/h ±1km/h. The entry speed shall be adjusted to achieve the target test speed. In most 
cases testing is only acceptable in gears with maximum acceleration below 1.9 m/s2.  

Because of the broad spectrum of possible driving conditions (vehicle speed, engine speed, 
acceleration), the analysis is quite complex. The reason is the streamlining of the results based on 
quite different driving conditions. Since the ASEP is meant to be an extension to Annex 3, to prevent 
any outliers compared to Annex 3 results, during post-process in ASEP there are several strategies 
to connect the measurement results with the Annex 3 results. This is done by using Annex 3 results 
as anchor point, by building a slope curve of emitted sound versus engine speed or by normalisation 
of the results to 50km/h. All the details for this ASEP Assessment can be found in UNECE R51.03 
Annex7 – Chapters 3, 4 and 5.  

The Roadster did comply with the control range in gears two, three and four. From Annex 3 results 
the ΔLurban limit for Lurban-Assessment is 2.4dB(A), never to be exceeded. Gear two was tested in the 
vehicle speed range of 49km/h < vbb’ < 60km/h with maximum accelerations around awot = 3.2 m/s2. 
During the tests the actual noise levels were between 72dB(A) < Lkj < 75dB(A), being about 2dB(A) 
louder than Lwot during Annex 3. Post-processed according to Lurban-Assessment this resulted in 
second gear ΔLurban all below the limit by more than 3.4dB(A) (f.e. P1 ΔLurban = -1dB(A) vs ΔLurban limit 
= 2.4 dB(A)). Gear three was tested in the vehicle speed range of 41km/h < vbb’ < 69km/h with 
maximum accelerations around awot = 2.3 m/s2. During the tests the actual noise levels were between 
67dB(A) < Lkj < 75dB(A), resulted in third gear ΔLurban all below the limit again by more than 3.2dB(A). 
Highest gear in control range, gear four, was at speed range of 35km/h < vbb’ < 68km/h with maximum 
accelerations around awot = 1,5 m/s2, with noise levels of 62dB(A) < Lkj < 72dB(A). Again, this gear is 
below the ΔLurban limits for all four test points. The reference sound measurement limit for the roadster 
is Lref_limit = 79dB(A), the direct measurement showed a level of Lref_Measurement = 72.2dB(A) whereas 
the simulation method was Lref_Simulation = 71,3dB(A), both being more then 6dB below the limit. 

The hot hatchback could only be measured in third and fourth gear. Second gear run up did not stay 
below the engine speed limit. From Annex 3 results, the ΔLurban limit for Lurban-Assessment is 6.8dB(A). 
Gear three was tested in the vehicle speed range of 41km/h < vbb’ < 74km/h with maximum 
accelerations around awot = 2.6 m/s2. During the tests the actual noise levels were between 67dB(A) 
< Lkj < 82dB(A), resulted in third gear ΔLurban all below the limit by more than 7dB(A). To better 
understand the post-process the ΔLurban limit can be transferred for specific measurement into an 
absolute limit level Lurban. To derive the Lurban limit from the measured Level Lkj could also be applied 
in reverse to the ΔLurban limit. This revealed for the most extreme measurement, which was in control 
range, with Lkj = 81.6dB(A) that for this measured condition the limit would be a very high Lurban limit = 
94.6dB(A). Gear four was tested in the vehicle speed range of 46km/h < vbb’ < 69km/h with maximum 
accelerations around awot = 1.5m/s2. During the tests the actual noise levels were between 67dB(A) < 
Lkj < 73dB(A), resulted in fourth gear ΔLurban all below the limit by more than 8dB(A). The reference 
sound measurement limit for the hot hatchback is Lref_limit = 78dB(A), the direct measurement showed 
a level of Lref_Measurement = 71.5dB(A) whereas the simulation method was Lref_Simulation = 72,2dB(A), 
both being more then 5dB below the limit. 

The Subcompact car with CVT Transmission was tested in locked gear conditions. It was measured 
in second and third gear. Resulting from Annex 3 the ΔLurban limit for Lurban-Assessment is 5.7dB(A). 
Gear two was tested in the vehicle speed range of 45km/h < vbb’ < 55km/h with maximum 
accelerations around awot = 2.1 m/s2. During the tests the actual noise levels were between 71dB(A) 
< Lkj < 73dB(A), resulted in second gear ΔLurban all below the limit by more than 5.0dB(A). Gear three 
was tested in the vehicle speed range of 45km/h < vbb’ < 56km/h with maximum accelerations around 
awot = 2.3m/s2. During the tests the actual noise levels were between 68dB(A) < Lkj < 71dB(A), resulted 
in third gear ΔLurban all below the limit again by more than 6.6dB(A). The reference sound 



 

measurement limit for the Subcompact car is Lref_limit = 76dB(A), the direct measurement showed a 
level of Lref_Measurement = 69.7dB(A) whereas the simulation method was Lref_Simulation = 68.0dB(A), both 
being more then 8dB below the limit. 

The Subcompact SUV was in non-locked gear mode. Resulting from Annex 3 the ΔLurban limit for Lurban-
Assessment is 5.0dB(A). During test the vehicle reached speeds of 44km/h < vbb’ < 54km/h with 
maximum accelerations around awot = 2.8m/s2. The actual noise levels were between 69dB(A) < Lkj < 
73dB(A), resulted in third gear ΔLurban all below the limit by more than 6.2dB(A). The reference sound 
measurement limit for the Subcompact SUV is Lref_limit = 76dB(A), the direct measurement showed a 
level of Lref_Measurement = 72.2dB(A) being more then 3dB below the limit. 

In case of Hybrid Compact Wagon it was tested in worst case sport mode, with both of the engines 
putting out maximum power. For ΔLurban limit determination the anchor-point was built from Annex3 
measurements with nanchor = 25071/min, Lanchor = 69.3dB(A), Lcrs = 66.1dB(A), aurban = 1.25 m/s2 and 
Lurban = 68.1dB(A) This resulted in a limit of ΔLurban limit = 6.9dB(A). During test the vehicle reached 
speeds of 69km/h < vbb’ < 78km/h with maximum accelerations around awot = 3.8m/s2. The actual noise 
levels were between 73dB(A) < Lkj < 77dB(A), resulted in third gear ΔLurban all below the limit by more 
than 9.3dB(A). 

The Compact SUV vehicle was measured in third and fourth gear. The second gear could not be 
measured in control range. For full load accelerations with vaa’_ASEP ≥ 20km/h the engine speed at the 
end of measurement zone is exceeding the ASEP limit. Gear three was tested in the vehicle speed 
range of 36km/h < vbb’ < 59km/h with maximum accelerations around awot = 1.2m/s2 to 2.4m/s2. During 
the tests the actual noise levels were between 64dB(A) < Lkj < 68dB(A), resulted in third gear ΔLurban 

all below the limit again by more than 6.6dB(A). Highest gear in control range, gear four, was at 
speed range of 39km/h < vbb’ < 57km/h with maximum accelerations around awot = 1,0 m/s2, with noise 
Levels of 64dB(A) < Lkj < 70dB(A). Again, this gear is below the ΔLurban Limits for all four test Points. 
The reference sound measurement limit for the Compact SUV is Lref_limit = 76dB(A), the direct 
measurement showed a level of Lref_Measurement = 64.5dB(A) whereas the simulation method was 
Lref_Simulation = 65.0dB(A), both being more then 8dB below the limit. 

To summarise the ASEP measurement section, none of the tested vehicles showed noticeable 
critical results. All of the results were well within the limits, even for vehicles which were measured 
with a lot higher acceleration and engine speed than it would be allowed in Annex 3. For the tested 
vehicles the reference-sound-assessment in most cases, was less critical than the ΔLurban 
assessment.  

 

3.4 Results M2, M3, N1, N2 and N3 (UNECE R51.03) 
The matrix in Table 31 shows the UNECE R51.03 test results of M2, M3, N1, N2 and N3 vehicles, 
comparing final UNECE R51.03 result Lurban with homologation levels and legal limits. Additionally, 
intermediate UNECE R51.03 values are given. 



 

N1:  

N1 cars are quite often closely connected to M1 cars via same platform structure or even more, only 
differ in interior features. That is why the testing procedure is closely to M1 vehicles, with testing at  
vpp’ = 50km/h. However, in case of the two tested N1 vehicles, both have a maximum weight of above 
3 tones and only one of the two has also an M1 variant. Both are clearly ascribed as commercial 
vehicles. 

The smaller of the two N1 vehicles, “Light Commercial Van Low Power” has a manual transmission 
and was tested with mt = 2222kg. Since none of the gears did result in acceleration according the 
required reference value of awot ref = 1.19 m/s2 and because third gear acceleration stayed below 2.0 

m/s2, a two-gear test was necessary. Based on the third and fourth gear, a weighting ratio k = 0.355 
was derived to calculate the single reference values of Lcrs ref  = 70.4dB(A) and wide-open throttle 
drive Lwot ref = 72.4dB(A). The resulting Lurban = 72.0dB(A) is a little bit quitter than the homologation 
level of 73dB(A) and would be close, but ready for type-approval today with Phase 2 limits of 
73dB(A). 

A typical candidate of this vehicle category is the “Light Commercial Van Low Power”, as it used for 
example in the parcel delivery services. It was equipped with an automated transmission, which 
could be driven in locked-gear setup. With the test weight of mt = 2557kg it reaches a power-to-
mass-ratio of PMR = 54.75. In automatic mode it was able to accelerate with awot = 1.16 m/s2 resulting 
in partial power factor of kp = 0.13. With constant drive Lcrs= 67.8dB(A) and wide-open throttle drive 
Lwot = 73.0dB(A) resulted in an Lurban = 72.3dB(A). In locked gear setup, third gear acceleration was 
higher at awot = 1.38 m/s2, which resulted in a higher kp = 0.27. With constant drive Lcrs= 69.4dB(A) 
and wide-open throttle drive Lwot = 73.3dB(A) resulted in an Lurban = 72.2dB(A). Both locked and non-

R51.03 Test 
case(s)

Lwot 
[dB(A)]

Lcrs 
[dB(A)]

Kp
Lurban 
[dB(A)]

Lwot 
[dB(A)]

Lcrs 
[dB(A)]

Kp
Lurban 
[dB(A)]

M2
Light Commercial 

People Mover
manual 75 72 75 74,3 --- --- 74,3 --- --- --- ---

Commercial Van 
Manual 

Transmission
manual 77 74 78 74,7 --- --- 74,7 --- --- --- ---

manual 

automatic 

Eco Modus 
77,9

Eco Modus 78

Power Modus 
77,6

Power Modus 
78

manual 
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City Coach automatic 80 77 76 --- --- --- --- 77,1 --- --- 77,1

manual 

automatic 

Performed 
tests

Light Commercial 
Van Low Power

N1

manual

M3

Highway Coach

automatic 

N2
Commercial Van 

Automated 
Transmission

Light Commercial 
Truck

N3

automatic 
Long Distance 

Truck

73

Commercial Truck 81

Light Commercial 
Van High Power

automatic 

75 76

77 76

82

74

74

77

78

80

77 80

79 80

71 71

74 76

71
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e 

ca
te
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ry

Vehicle

74,1

77,6 --- --- 77,6

Limit 
Phase 1 
[dB(A)]

Limit 
Phase 3 
[dB(A)]

Homo-
logation 

Level 
[dB(A)]

R 51.03 Test Results With locked gear ratios R 51.03 Test Results non-locked gear ratios

79,3 --- --- 79,3 78,9 --- --- 78,9

78,2 --- --- 78,2

78,0 --- --- 78,0 77,7 --- --- 77,7

Same Gear as Non-Locked & Result

--- ---

74,4 --- --- 74,4 74,1 --- ---

73,3 69,4 0,27 72,2 73 67,8 0,13 72,3

G3=73,8; 
G4=71,6; 
Lwot=72,4

G3=70,6; 
G4=70,3; 
Lcrs=70,4

KP=0,21; 
K=0,355

72 --- --- --- ---

Table 31: UNECE R51.03 Results - M2, M3, N1, N2 and N3 Vehicles. 



 

locked results were higher than homologation level. One obvious reason, especially in this 
commercial vehicle case, was that it was a rental vehicle, which wasn’t always treated gently. With 
effects on powertrain wear and tires. However, it was still within reach of homologation level and 
both tested driving modes would be qualified for type approval in Phase 2. 

M2: 

Within the M2 category UNECE R51.03 distinguishes between vehicles above 3.5 tones maximum 
permissible laden mass and below. The tested vehicle “Light Commercial People Mover” with 
maximum vehicle mass of mmax = 4100kg, in this category are being tested only in full load 
acceleration at vbb’ = 35km/h ± 5 km/h (see chapter3.2). Prior this test, it is necessary to determine 
target engine speed with rated engine speed S = 38001/min the range 26601/min < nbb’ < 28121/min, 
which was reached in second gear. This resulted in an Lurban = 74.3dB(A). This is below homologation 
level of Lurban = 75dB(A) and below the Phase1 Limit of Lurban Limit = 75dB(A). The M2 category is a 
broad category, with very different vehicles in shape and sitz belonging to it. Because of that limitation 
knows four subcategories, vehicles with maximum mass mmax ≤ 2500kg, 2500kg < mmax ≤ 3500kg, 
mmax > 3500kg & Pn ≤ 135kW and mmax > 3500kg & Pn > 135kW. The tested vehicle with Pn = 120kw 
is placed in subcategory with Phase 2 Lurban Limit = 73dB(A) and Phase 3 Lurban Limit = 72dB(A).  

N2: 

For N2 next to the engine speed range, it is also important to assure correct testing weight mt 
according to target mass mt. The “Commercial Van Manual Transmission”, in the tested engine 
configuration has target mass of mtarget = 6600kg. Vehicle scale gave mfa load unladen = 1620kg and mra 

load unladen = 2380kg. With considered driver weight, this resulted in theoretical extra loading of mxload 

= 6600kg - 4085kg = 2515kg. However the maximum permissible load on rear axle is mac ra max = 
5350kg, with 75% limit being mac ra max 75 = 4013kg. Since the extra loading was exceeding the rear 
axle load limit, only mxload = mac ra max 75 - mra load unladen = 1630kg was loaded centered over the rear 
axle. This resulted in a vehicle test weight mt = 5588kg and rated engine speed of S = 35001/min, 
gave a target range of  
24501/min < nbb’ < 25901/min. During test with nbb’ = 24951/min the target range was met in third gear, 
resulting in Lurban = 74,7dB(A). The engine Power of Pn = 132kW sorts it into subcategory of Pn < 
135kW, setting a Limit of Phase 2 Lurban Limit = 75dB(A). The tested result would qualify for type 
approval in Phase 2 but not in for Phase 3 at Lurban Limit = 74dB(A). 

A very similar vehicle was tested with the “Commercial Van Automated Transmission”, the extra 
loading mxload was similar to the previous vehicle, since the only difference being the automated 
transmission. With extra loading the vehicle test weight was mt = 5632kg. This vehicle was able to 
be tested in locked gear and non-locked gear testing. In locked gears the testing was similar to the 
manual transmission version. During the test the engine speed was almost identical with nbb’ = 
25081/min in third gear. Final result of the locked gear full-load acceleration test was Lurban = 
74.4dB(A), which was just 0.3dB(A) more silent compared to the manual version. The non-locked 
gear test was driven in “power modus”. The exit engine speed was nbb’ = 25281/min, complying with 
target engine speed requirements. Final result of the locked gear full-load acceleration test was Lurban 
= 74.1dB(A), which is below Phase 2 Limit, but slightly above Phase 3 Lurban Limit = 74dB(A). 

A heavier and bigger vehicle than the “Commercial Van” was tested with the “Light Commercial 
Truck”. It was equipped with an automatic transmission, which could also be operated in locked-gear 
conditions. For the non-locked conditions, it was possible to switch between an “Eco” mode and a 
“Power” mode. With locked gear drive had no specific mode, all three configurations were measured. 
For determination of extra loading the target mass is set as mtarget = 7750kg. Vehicle scale gave mfa 

load unladen = 2779kg and mra load unladen = 2630kg. With considered driver weight, this resulted in 
theoretical extra loading of  
mxload = 7750kg - 5484kg = 2266kg. The maximum permissible load on rear axle is mac ra max = 4600kg, 
with 75% limit being mac ra max 75 = 3450kg. Since the extra loading was exceeding the rear axle load 
limit, only mxload = mac ra max 75 - mra load unladen = 820kg was loaded centered over the rear axle. This 
resulted in a vehicle test weight mt = 6140kg and rated engine speed of S = 18001/min, gave a target 
range of 12601/min < nbb’ < 13321/min. During test with locked gears, this was met at nbb’ = 13001/min 
in fourth gear, resulting in Lurban = 77.6dB(A). For non-locked gear configuration, both drive modes 



were able to be measured within target engine speed range. Eco mode test was measured at nbb’ = 
13101/min and Lurban = 77.9dB(A), whereas sport mode with nbb’ = 13131/min resulted in Lurban = 
77.6dB(A). The engine Power of Pn = 155kW sorts it into subcategory of Pn > 135kW, setting a limit 
of Phase 2 Lurban Limit = 76dB(A). The tested results are all very close in area of measurement 
uncertainty. However, they would not be qualified for type approval in Phase 2. But the Homologation 
result with Lurban = 76dB(A) would be still allowed in Phase 2. The Difference of about 1dB(A) is most 
probably due to engine and tyre wear. 

M3: 

The M3 category is gathers all of the bigger city buses, as well as long distance buses. Measurement 
requirements for vehicles in M3 category are similar to M2 category, but the target engine speed at 
line BB’ is higher. A long distance bus was measured in this study with the “Highway Coach”. Its an 
automatic transmission bus, with rated Power of Pn = 350kW and test weight mt = 16105kg. It was 
possible to engage locked gear conditions. Both locked gear and non-locked gears were measured. 
According the rated engine speed S = 16001/min, the target range is 13601/min < nbb’ < 14241/min, 
which was reached by the automatic transmission and in locked gear drive in ninth gear. This resulted 
in an Lurban = 78.2dB(A). This is above the homologation level of Lurban = 76dB(A) and slightly above 
the Phase 2 Limit of Lurban Limit = 78dB(A).  

A smaller bus was tested with “City Coach” with automatic transmission for inner city transportation. 
The busses engine had a rated power of Pn = 350kW and the bus itself was tested with a weight of 
mt = 11232kg. According the rated engine speed S = 18001/min, the target range is 15301/min < nbb’ 
< 16021/min. In automatic transmission mode this was reached in fourth gear, resulting in an Lurban = 
77.1dB(A). This is just above the Phase 3 Limit of Lurban Limit = 78dB(A) and for this kind of vehicles 
comparable to homologation level of Lurban = 76dB(A) 

N3: 

In the N3 category heavy commercial lorry are subscribed. A smaller lorry was measured with 
“Commercial Truck”, with a rated engine power of Pn = 175kW and automatic transmission. It was 
possible to measure the lorry also with locked gear conditions. As it is required for N2 vehicles, for 
N3 vehicles it is necessary to determine the extra loading prior to the test. For this engine power the 
target mass is set as mtarget = 8750kg. Vehicle scale gave mfa load unladen = 3340kg and mra load unladen = 
3530kg. With considered driver weight, this resulted in theoretical extra loading of mxload = 8750kg - 
6955kg = 1795kg. The maximum permissible load on rear axle is mac ra max = 10500kg, with 75% limit 
being mac ra max 75 = 7875kg. The rear axle could carry the required extra load, resulting in rear axle 
load mt ra  load = 5325kg. This resulted in a vehicle test weight mt = 11210kg and rated engine speed 
of S = 18001/min, gave a target range of 15301/min < nbb’ < 16021/min. During test with locked gears, 
this was met at nbb’ = 15631/min in third gear, resulting in Lurban = 78.0dB(A). In non-locked gears it 
was measured at Lurban = 77.7dB(A). Both tests were at similar conditions for engine speed in same 
gear, explaining the close result for locked and non-locked gears. 

The heaviest measured vehicle was tested with a “Long Distance Truck”. It was equipped with two 
rear axles, one of it being in lift axle. According ECE R51.03 Annex 3 Chapter 2.2.1. it was tested 
with lifted axle. The engine had a rated power of Pn = 309kW and automatic transmission. Again, It 
was possible to measure the lorry also with locked gear conditions. For this engine power the target 
mass is set as mtarget = 15450kg. Vehicle scale gave mfa load unladen = 5120kg and mra load unladen = 
6430kg. With considered driver weight, this resulted in theoretical extra loading of mxload = 15450kg 
- 11640kg = 3810kg. The maximum permissible load on rear axle is mac ra max = 11500kg, with 75% 
limit being mac ra max 75 = 8625kg. Since the extra loading was exceeding the rear axle load limit, only 
mxload = mac ra max 75 - mra load unladen = 2195kg was loaded centered over the rear axle. This resulted in 
a vehicle test weight mt = 13821kg. The rated engine speed of S = 18001/min, gave a target range 
of 15301/min < nbb’ < 16021/min. During test with locked gears, this was met at nbb’ = 15501/min in 
eighth gear, resulting in Lurban = 79.3dB(A). In non-locked gears it was measured in seventh gear at 
nbb’ = 15951/min at Lurban = 78.8dB(A). Both results are close together. The fact, that the measurement 
with higher engine speed resulted in lower Lurban seems not logical, but this in the range of 
measurement uncertainty and could have also other reasons, like different engine control map.   



 

One point that needs to be mentioned regarding lift axles, as it is equipped on the “Long Distance 
Truck” test vehicle. The 75% limitation on Axle load together with the possibility to perform the test 
with lifted axle, drastically change the results, due to different limitation on extra load and its effect 
on tyre and powertrain noise in test. In the tested case because of the lifted axle the maximum 
permissible laden load on the rear axle in sum changes from 11500kg [mac ra max lift] – 6430kg [mra load 

unladen] = 5070kg to almost double the maximum laden load resulting 19000kg [mac ra max two axle] – 
6430kg[mra load unladen] = 12750kg. The second difference will come due to the second rear axle tires 
as additional rolling noise. 

 

3.5 Results Task 3.1 Tyre Rolling Noise 
Current major trends in the automobile market towards larger and heavier vehicles with bigger tires, 
together with findings in this study on contributing sources, led to a short study on the impact of tyre 
rolling noise specification and type-approval regulation for the tyres within the UNECE R117. In this 
Regulation specifications, and definitions of the tyre categories C1, C2 and C3 are given. The C1 
tyres are purposely built for passenger vehicles, mainly M1 but also N1 cars. The C3 tyres are 
specified for heavy duty applications, mainly M3 and N3 Vehicles. In some scenarios C3 tyres may 
also be used on N2 and M2 vehicles. C2 tyres are more comparable to C1 tyres than C3 tyres and 
are used for heavier load applications, with less focus on high speed performance. The main 
applications are on N2 and M2 vehicles. Furthermore, the ECE R117 includes the introduction of a 
tyre label, with specific tests and grading to inform the consumer about rolling resistance, wet grip 
and sound emission.  

The detailed Information of the tested tyres according to UNECE R117 is shown in Table 32. 
Especially important to notice is the reported sound emission value. For easier reading, the tyre label 
specification demands a visual presentation in form of three waves. They translate as follows: 

 Three Waves = Fulfilling the Stage 1 regulation (valid until 2016) 

 Two Waves = Fulfilling the Stage 2 by less than 3 dB(A) 

 One Wave = Undercut the Stage 2 limits by more than 3 dB(A) 

To get a detailed picture of the influence on pass-by noise by different tyres, which are more 
beneficial according to tyre noise label, extensive tests with additional tyre sets were carried out. The 
specifications compared to the original equipped tyres are shown in Table 33. 

These tyre sets were acquired brand-new and did not show any specific relation to the vehicle original 
manufacturer. 



 

Size Type
Tire Label (Rolling 

resistance/Wet 
grip/Noise emission

Size Type
Tire Label (Rolling 

resistance/Wet 
grip/Noise emission

Roadster 1073 1260 205/45 R17 84W
summer tire

C1
E/ B/ 68dB 
(one Wave)

205/45 R17 84W
summer tire

C1
E/ B/ 68 dB (one 

Wave)

Subcompact SUV 1310 1770 900 205/60 R16 96V
all-season

C1
extra load

C/ B/ 69dB 
(one Wave)

205/60 R16 96V
all-season

C1
extra load

C/ B/ 69dB 
(one Wave)

M2
Light Commercial 

People Mover
3106 4100 2430

235/65 R16C
121/119R

summer
C2

B/ A/ 72dB 
(two Waves)

235/65 R16C
121/119R

summer
C2

B/ A/ 72dB 
(two Waves)

Commercial Van 
Manual Transmission

5630 7200 5350
225/75 R16C

121/120R
winter

C2
C/ B/ 71dB 

(two Waves)
225/75 R16C 

121/120R
winter

C2
C/ B/ 71dB 
(two Waves)

City Coach 11340 19000 13000
275/70R22.5 

150/145 J

all-season
C3

all axles

D/ C/ 71dB 
(one Wave)

275/70R22.5 
150/145 J

all-season
C3

all axles

D/ C/ 71dB 
(one Wave)

1800

Hot Hatchback 1604 10702060 255/30 R19 91Y

Subcompact

Compact Wagon 
Hybrid

Compact SUV

Light Commercial Van 
Low Power

M1

N1

M3

Highway Coach

N2
Commercial Van 

Automated 
Transmission

Light Commercial Truck

N3

Long Distance Truck

5350

2557 2250

Twin Axle 
17500

6140 4600

24750

7490

7200

3500

16540

Commercial Truck

Light Commercial Van 
High Power

1092

1725

1180

2222 3140

2300

2500

1450

2170 1270

13821

1st rear 
axle11500; 2nd 

lift rear axle 
7500

11210 10500

26000

15000

A/ B/ 70dB 
(two Waves)

235/40ZR19
96W

summer tire
C1

extra load

A/ B/ 70dB 
(two Waves)

175/65 R15 84H
summer tire

C1
C/ C/ 70dB 

(two Waves)
175/65 R15 84H

summer tire
C1

C/ C/ 70dB 
(two Waves)

235/40ZR19
96W

summer tire
C1

extra load

215/65 R15C 
104/102T

all-season
C2

E/ C/ 70dB 
(one Wave)

235/50 R19 99V
summer tire

C1
extra load

B/ B/ 70dB 
(two Waves)

225/75 R16C
121/120R

winter
C2

C/ B/ 71dB 
(two Waves)

235/65 R16C
121/119R

all-season
C2

B/ A/ 73dB 
(two Waves)

235/65 R16C
121/119R

all-season
C2

B/ A/ 73dB 
(two Waves)

295/80 R22.5
154/149M

all-season
C3

all axles

C/ B/ 73dB 
(one Wave)

215/75 R17.5
126/124M

all-season
C3

drive axle

D/ C/ 71dB 
(one Wave)

215/75 R17.5
126/124M

all-season
C3

steer axle

D/ B/ 70dB 
(one Wave)

275/70R22.5 
150/148 J

all-season
C3

D/ B/ 71dB 
(one Wave)

295/80 R22.5
154/149M

all-season
C3

trailer axle

C/ B/ 73dB 
(one Wave)

315/70 R22.5 
154/150L

all-season
C3

C/ C/ 72dB 
(one Wave)

385/55 R22.5 
160K/158L 

summer
C3

A/ B/ 70dB 
(one Wave)

Ve
hi

cl
e 

ca
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ry

Vehicle

Original front tyre Original rear tyre 

summer tire
C1

extra load

E/ B/ 69dB 
(one Wave)

235/35 R19 91Y
summer tire

C1
extra load

E/ A/ 68dB 
(one Wave)

275/70 R22.5
148/145 M

all-season
C3

E/ C/ 75dB 
(two Waves)

225/75 R16C
121/120R

winter
C2

C/ B/ 71dB 
(two Waves)

215/65 R15C 
104/102T

all-season
C2

E/ C/ 70dB 
(one Wave)

Test 
weight 

[kg]

Max. 
weight 

[kg]

permissible rear 
axle load [kg]

5632

235/50 R19 99V
summer tire

C1
extra load

B/ B/ 70dB 
(two Waves)

Table 32: Tyre rolling noise - original equipped tyre specifications. 



 

  

Size Type

Tire Label (Rolling 
resistance/Wet 

grip/Noise 
emission)

Size Type

Tire Label (Rolling 
resistance/Wet 

grip/Noise 
emission)

Roadster 1073 1260 --- --- --- --- --- ---

Subcompact SUV 1310 1770 900 --- --- --- --- --- ---

M2
Light Commercial 

People Mover
3106 4100 2430 --- --- --- --- --- ---

Commercial Van 
Manual Transmission

5630 7200 5350 --- --- --- --- --- ---

City Coach 11340 19000 13000 --- --- --- --- --- ---

1800

Hot Hatchback 1604 10702060

Subcompact

Compact Wagon 
Hybrid

Compact SUV

Light Commercial Van 
Low Power

M1

N1

M3

Highway Coach

N2
Commercial Van 

Automated 
Transmission

Light Commercial Truck

N3

Long Distance Truck

5350

2557 2250

Twin Axle 
17500

6140 4600

24750

7490

7200

3500

16540

Commercial Truck

Light Commercial Van 
High Power

1092

1725

1180

2222 3140

2300

2500

1450

2170 1270

13821

1st rear 
axle11500; 2nd 

lift rear axle 
7500

11210 10500

26000

15000

235/40ZR19
96Y

---

225/75 R16C 
121R

235/65 R16C
115/113R

---

215/75 R17.5
126/124M

385/55R22.5 
160K

---

Additional test  front tyre Additional test rear tyre 

summer tire
C1

extra load

C/ A/ 68dB 
(one Wave)

255/30 R19 91Y
summer tire

C1
extra load

C/ A/ 68dB 
(one Wave)

235/35 R19 91Y

---

---

summer tire
C1

C/ A/ 69dB
(two Waves)

235/50 R19 99 
V MFS

summer tire
C1

C/ A/ 69dB
(two Waves)

summer tire
C1

extra load

C/ A/ 68dB 
(one Wave)

235/40ZR19
96Y

summer tire
C1

extra load

C/ A/ 68dB 
(one Wave)

A/ B/ 68dB
(one Wave)

--- --- --- --- ---

--- --- --- --- ---

summer
C3

A/ B/ 66dB
(one Wave)

315/70R22.5 
156/150L

all-season
C3

Ve
hi

cl
e 

ca
te

go
ry

Vehicle

winter
C3

drive axle

--- --- --- ---

--- --- --- ---

---

D/ C/ 75dB 
(two Waves)

215/75 R17.5
126/124M

summer
C2

D/ C/ 75dB 
(two Waves)

summer
C2

C/ C/ 70dB 
(two Waves)

225/75 R16C 
121R

C/ C/ 70dB 
(two Waves)

summer
C2

B/ A/ 70dB 
(two Waves)

235/65 R16C
115/113R

summer
C2

B/ A/ 70dB 
(two Waves)

Test 
weight 

[kg]

Max. 
weight 

[kg]

permissible rear 
axle load [kg]

winter
C3

drive axle

5632

235/50 R19 99 
V MFS

Table 33: Tyre rolling noise - additional tested tyre specifications 



Results of tyre tests: 
 

The specific testing pattern included a roll through the pass-by test track with hot shut down engine, 
and transmission in neutral position. The tested vehicle velocity window is starting from 20km/h until 
at least 90km/h, except for N2, N3 and M3 vehicles. These could only be tested with an entrance 
speed of maximum 70km/h. The velocity window was completely tested with a roll through velocity 
incrementing by about 2 km/h. Results of the complete velocity window are shown in the following 
Chapter 3.6. 

With every roll through measurement taking into account, a trend curve was calculated. From the 
trend curve, the grid values for 35km/h, 50km/h and 70km/h are displayed in Figure 29. Additionally, 
the results of this measurement campaign were analysed according for temperature correction to 
UNECE R117 procedure, to give a UNECE R117 related value. For C1 and C2 tyres it is calculated 
at specific reference speed Vrev = 80km/h. Whereas C3 tyres are verified at reference speed Vrev = 
80km/h. Because of the temperature correction, this UNECE R117 related value differs from the 
trend curve value. 

This test setup could not repeat the stated compliance of stage 2 limits for the tyres labelled with two 
waves. There are several reasons for this. One reason is that it was measured “as it is” on the vehicle, 
with vehicle specific tyre pressures. Tyre approval testing regulation does give specification on tyre 
loads according to the tyre reference load derived from load capacity index of each tyre, and specific 
tyre inflation pressure not higher than reference pressure. Both can differ in the test, if vehicle 
specifications are not supporting the specifications in UNECE R117. Furthermore, the original tyres, 
although they visually did not show any signs of excessive use, weren´t brand new. Nevertheless, 
the aim of this investigation was, to give an overview of the tyre rolling emission noise, measured 
compared to the tyre noise label statements given by the manufacturer. The motivation was not to 
audit the noise label statements, but to draw conclusions about the influence of tyre rolling noise on 
the vehicle pass by noise along a wide range of vehicle velocity noise share. 

Also, the study reproduced the obvious guidelines, that is wider tyres are louder, heavier vehicles 
are louder and more tyre tread is louder, on which there are some further interesting details. 
Interestingly the M1 vehicles, Roadster and Subcompact SUV, share the same tyre width but the 
Subcompact SUV has higher aspect ratio. Despite the Roadster being the lighter vehicle, it is 
measured with higher rolling noise at 35km/h. At higher vehicle speeds the difference is phased out. 

Comparing the results cross category, it can be seen, that C3 tyres at 35km/h are measured with 
rolling noise higher than C1 and C2 tyres at 50km/h. Same stands for 50km/h to 70km/h. 

  

Original Tyre Set R117

Tyre Classification @ 35 km/h @ 50 km/h @70 km/h R 117 @ 35 km/h @ 50 km/h @70 km/h R 117 Stage 2 
According EG 661/2009 35 50 70 80 / 70 35 50 70 80 / 70 Limit

Roadster  summer Tyre C1 61,2 66,3 71,2 73,1 - - - - 71

Hot Hatchback   summer Tyre C1 extra load 62,3 67,3 72,1 73,1 62,0 67,1 71,9 74,0 72

Subcompact  summer Tyre C1 58,8 64,2 69,3 71,7 - - - - 70

Subcompact SUV   all-season C1 extra load 60,9 66,2 71,3 72 - - - - 72

Compact Wagon Hybrid   summer Tyre C1 extra load 62,2 67,0 71,4 73,1 60,5 65,6 70,5 72,3 72

Compact SUV   summer Tyre C1 extra load 60,8 66,3 71,6 73,6 - - - - 72

Light Commercial Van Low Power  all-season C2 63,8 69,8 75,4 77,8 - - - - 73

Light Commercial Van High Power  all-season C2 60,7 66,6 72,1 74,5 62,6 68,0 73,2 75,5 73

M2 Light Commercial People Mover  summer C2 Trac on 62,0 67,4 72,4 74,5 - - - - 73

Commercial Van Manual Transmission  winter C2 66,5 72,0 77,2 80,7 - - - - 73

Commercial Van Automated Transmission  winter C2 67,6 73,0 78,2 80,3 66,9 72,3 77,3 79 73

Light Commercial Truck   winter C3 steer axle 67,7 74,2 80,4 80,6 - - - - 75

Highway Coach   all-season C3 all axles 69,8 75,4 80,8 80,5 - - - - 75

City Coach   all-season C3 all axles 65,6 71,1 76,2 76,1 - - - - 75

Commercial Truck  all-season C3 68,4 74,5 80,3 81,4 - - - - 75

Long Distance Truck
Front: summer C3 / 

Rear: winter C3
69,8 75,1 80,1 80,1 65,3 71,1 76,7 76,8 75

Ve
hi

cl
e 

ca
te

go
ry

M1

N1

N2

M3

N3

Tyre noise dB(A) addional Tyreset
Vehicle

Tyre noise dB(A) Original equiped Tyreset

Figure 29: Test results for vehicle rolling noise and UNECE R117 limits. 



 

3.6 Full load extended test range and tyre rolling 
noise 

For detailed knowledge of the rolling noise share, an extensive investigation across this previously 
described velocity window was carried out. To assess the roll through results in relation to the noise 
emitted by the powertrain, full load accelerations in different gears were measured. The gears 
measured include the gear used for UNECE R51.03 tests and lower gears. Each dot in the diagram 
is defined in x-axis by the velocity at point PP’ (vpp’) and in y-direction by the maximum sound 
pressure level occurred during the drive through (Lmax). Full load accelerations, or so called “wide 
open throttle” (WOT) was measured with full acceleration capability of the vehicle. To cover the whole 
velocity window different entrance vehicle speeds were measured. The displayed curves of each 
gear for WOT acceleration noise is a linear trend line, which is used for simple better illustration and 
does pay respect to statistical outliers. Same applies to the logarithmic trend curve fitted to the tyre 
rolling noise results. 
M1 Vehicles: 
For M1 vehicles there are two main aspects visible.  
The first one shows that the tyre size is main factor for the tyre rolling noise. Of course, vehicle mass 
and shape are also influencing the resulting noise, while rolling through the pass-by track, but in 
minor roles. Comparing at 50 km/h the Subcompact with 175/65 to the Roadster with 205/45 to the 
Hot Hatchback with 255/35 at the front, a clear walk from about LSubcompact = 64 dB(A) to LRoadster =66 
dB(A) to the wide sport tire with LHot Hatchback = 67 dB(A) (Figure 30 to Figure 32). This spread of about 
3dB(A) remains almost constant for different vehicle speeds 
The second important information can be seen comparing the high PMR sports car with the other 
M1 vehicles. The Hot Hatchback shows a much higher noise spread for the different gears and most 
of the lower gears noticeably exceed the R51.03 Limit value – also it is important to keep in mind 
that this comes with a much higher acceleration capability, far from typical everyday driving profile. 
 

 
 

Figure 30: Test results of Subcompact vehicle - PBN at WOT acceleration and tyre rolling noise. 



 

 
 

N1 Vehicle: 

For the N1 vehicle class there is a wide spread of vehicle kinds registered. This makes a detailed 
analysis not always straight forward. In this case for the Mercedes Sprinter 319 CDI the noise 

Figure 32: Test results of Hot Hatchback - PBN at WOT acceleration in sport mode and tyre rolling noise. 

Figure 31: Test results of Roadster vehicle - PBN at WOT acceleration and tyre rolling noise. 



 

emission pattern is comparable to low PMR M1 vehicles, but with relatively higher tyre noise share. 
Despite that, like for the Subcompact, the Engine and Powertrain noise in the lower gears has a 
significant share. 

 

 

 

Figure 33: Test results of Light Commercial Van High Power vehicle - PBN at WOT acceleration and tyre rolling noise. 



M2, M3 and N2, N3 Vehicles: 

Looking at the tyre noise, the spread within these four classes is small, reaching around 80 dB(A) at 
vehicle speeds of 70 km/h. Except for theLight Commercial People Mover of the M2 category, which 
is a lot quieter at 72 dB(A). 

Compared to the M1 and N1 vehicles the noise share rates of the different sources are much more 
depending on the driving mode. The powertrain noise in the lower gears becomes the absolute 
dominant noise source during full load acceleration, however in higher gears, with lower vehicle 
acceleration, the tyre noise becomes a relevant contributor. 

Another interesting fact is, that in general the M category vehicles show a lower level at fourth gear, 
which is in correlation with much more comfort driven demand for the people carrying busses. 

M2: 

  

Figure 34: Test results of Light Commercial People Mover - PBN at WOT acceleration and tyre rolling noise. 



 

N2: 

M3 
 

Figure 35: Test results of Commercial Van Manual Transmission - PBN of WOT acceleration and tyre rolling 
noise. 

Figure 36: Test results of Commercial Van Automated Transmission - PBN of WOT acceleration and tyre rolling noise. 

Figure 370: Test results of Light Commercial Truck - PBN at manual WOT acceleration and tyre rolling noise. 

Figure 41: Test results of Highway Coach - PBN at WOT acceleration and tyre rolling noise. 



 

N3 
 

Figure 38: Test results of City Coach - PBN at WOT acceleration and tyre rolling noise. 

Figure 39: Test results of Commercial Truck - PBN at WOT acceleration and tyre rolling noise. 



 

 

 

3.7 Results of Task 3.2: Verification of powertrain 
and transmission noise ranking 

To understand the different contributions to the pass by noise, a detailed step by step cancelling of 
main noise sources has been measured on most representative vehicles: 

 M1 – Hot Hatchback | PMR > 160 kW/t 

 M1 – Compact Wagon Hybrid | 120kW/t < PMR > 160 kW/t 

 M1 – Compact SUV | PMR < 120 kW/t 

 N1 – Light Commercial Van High Power 

 N2 – Commercial Van Automated Transmission  

 N3 – Long Distance Truck 

The main noise sources that were separately broken down contain: 

 Exhaust – Treated with total muffler and if applicable muffler encapsulation 

 Engine – Treated with engine encapsulation 

 If Applicable Transmission / Differential – Treated with sound deadening lead mats 

The remaining noise share is mainly generated by the tyre rolling noise, the wind noise and the 
remaining parts from the treated vehicle systems, because the ideal of 100% canceling typically is 
not achievable. 

 

NOTE: The detailed analysis of the noise ranking is done with regard to the respective base 
measurement. This means that all associated pass-by noise tests were evaluated at the exact vehicle 
position within the pass-by test track, where the base measurement showed the maximum sound 

Figure 40: Test results of Long Distance - PBN at WOT acceleration and tyre rolling noise. 



pressure level Lmax. This allows to evaluate the different noise contributions at the critical (that means 
loudest point during base measurement) vehicle position. Nevertheless, it should be pointed out, that 
the ranking results do not imply, that for example, a total muffler will give you the exact percentage 
of improvement, which is shown as its contribution. This is due to the fact, that these new conditions 
most likely have the maximum sound pressure level Lmax new at a different position at the test track. 

For all the investigated vehicles two conditions were measured, one with full load (awot < 2 m/s2) 
acceleration and one with constant speed. One M1 vehicle, the Compact Hybrid Wagon, was 
measured with too high accelerations, that would not be within the limits of regulation. 

For M1 / N1 vehicles, this is according to UNECE R51.03 and taking partial power factor (kp/k) from 
this test into account a detailed statement regarding shares for Lurban can be made. If the linear 
approach of the partial power -Lurban calculation is used as percentile share between driving modes 
Lwot and Lcrs, the contribution to the final Lurban result is marked in the bar graph tables. 

 

On the other hand, for the M2, M3, N2 and N3 busses and trucks the constant drive condition is not 
part of the pass-by sound homologation. However, it is beneficial to have detailed information about 
this common every day driving condition, giving advice on future legislation optimizations. 

 
M1:: 
 

 

Lmax 

Figure 42: Hot Hatchback noise source ranking full load acceleration - according R51.03. 

Lmax Lmax 

Figure 41: Hot Hatchback noise source ranking constant drive - according R51.03. 

Lmax Lmax 



 

 
 
  

Figure 43: Hot Hatchback noise source ranking contributing to maximal sound pressure level Lmax. 

10% LUrban share 90% LUrban share 



 

 
 

Figure 45: Compact Hybrid Wagon noise source ranking constant drive - according R51.03. 

Figure 44: Compact Wagon Hybrid noise source ranking full load acceleration - according R51.03. 

Lmax Lmax 

Lmax Lmax 



 

 
  

Figure 46: Compact Hybrid Wagon noise source ranking contributing to maximal sound pressure level Lmax. 

71% LUrban share 29% LUrban share 



 
 

 

Figure 48: Compact SUV noise source ranking constant drive 3rd Gear - according R51.03. 

Figure 47: Compact SUV noise source ranking constant drive 4th Gear - according R51.03. 



 

 
 

 

Figure 50: Compact SUV noise source ranking full load acceleration 3rd Gear - according R51.03. 

Figure 49: Compact SUV noise source ranking full load acceleration 4th Gear - according R51.03. 



 

 
 

Figure 52: Compact SUV noise source ranking contributing to maximal sound pressure level Lmax in 3rd Gear. 

Figure 51: Compact SUV noise source ranking contributing to maximal sound pressure level Lmax in 3rd Gear. 

20% LUrban share 8% LUrban share 

52% LUrban share 20% LUrban share 



 

N1:  

 
 

Figure 53: Light Commercial Van High Power noise source ranking constant drive - according R51.03. 

Figure 54: Light Commercial Van High Power SUV noise source ranking full load acceleration - according R51.03. 



 
  

Figure 55: Light Commercial Van High Power noise source ranking contributing to maximal sound pressure level 
Lmax. 



 

N2: 
 

 
 

Figure 56: Commercial Van Automated Transmission noise source ranking constant drive. 

Figure 57: Commercial Van Automated Transmission noise source ranking full load acceleration - according 
R51.03. 



 
 
  

Figure 58: Commercial Van Automated Transmission noise source ranking contributing to maximal sound 
pressure level Lmax. 



 

 

 
 

Figure 59: Long Distance Truck noise source ranking constant drive. 

Figure 60: Long Distance Truck noise source ranking full load acceleration - according R51.03. 



 
 

3.8 Assessment on Lurban reduction tests 
For a deeper understanding of the Lurban results shown in Chapter 3.3 and Chapter 3.5 in terms of 
room for improvement, for some of the testing vehicles there were additional Lurban test with simple 
improvements measured. These optimizations concentrated on engine additional absorbing foam for 
engine bay under shield covers, engine topcovers or for the truck test vehicle, the transmission 
differential. In all cases existing acoustic measures were left untouched. Basic rule for the added 
material was to simulate a mass production related reasonable solution. This means basic 
mechanism of action on the specific acoustic source was not disturbed but extended. For example, 
the case of the subcompact SUV with Diesel engine, the engine top cover reduction mechanism on 
the noise emitted by fuel high pressure system and valve train, were extended with foam to mimic a 
larger top cover. 

Figure 62 shows the results for five of the tested vehicles in context to the UNECE R51.03 Phase 1 
to Phase 3 limit values and the proposed limit values. 

Figure 61: Long Distance Truck noise source ranking contributing to maximal sound pressure level Lmax. 



 

 
 

3.9 Conclusion of Vehicle Testing 
When tested within the driving conditions stated in current regulation, all of the tested vehicles did 
comply with stated limits. However especially for the high power M1 vehicles ASEP testing, the 
results showed quite significant behavior in terms of relatively high values, which were still well within 
the limits. This will be reflected below in Chapter 5. 

For the traffic dominant vehicle category M1 the main message from the noise source testing, is that 
the critical factor for reducing vehicle sound emission is the reduction of tyre rolling noise. For all the 
tested vehicles it was by far the major contributor to the overall Lurban result. At constant drive in all 
M1 vehicle cases the noise share assigned to the tyres were above 80% of the overall emitted noise, 
coming down to around 50% in case of a full load acceleration test, still being the number one noise 
source in the ranking. Especially for the low PMR vehicle category, the measured tyre rolling noise 
alone is already close to the Lurban limitation. 

Due to the different testing method, for M2, M3, N2 and N3 vehicles the noise sources are quite 
evenly contributing to the overall Lurban result. The topic of engine noise and tyre rolling noise are 
similar. Despite that, the testing results showed a range compared to the type-approved value, which 
was backed by the investigation in the previous chapter. This shows, that next to regulations from 
type-approval authorities, customer requirements on configurations that effect the sound emissions 
are coming in place as well.  

Figure 62: Assessment of potential for Lurban reduction. 



4 Cost-Benefit Analysis 
 

4.1 Introduction 
In this chapter, a cost benefit analysis is presented for a baseline scenario and several alternative 
scenarios for vehicle sound limits, taking into account the inputs from the survey described in chapter 
1, the analysis of feedback and literature review in chapter 2 including databases, and the 
observations from the tests presented in chapter 3. 

The context and methodology are described, followed by the baseline and alternative scenarios, and 
the results of the analysis. 

 
 

4.2 Context 
This study was conducted in parallel with the Phenomena study12 (2021) for the EU DG Environment, 
in which vehicle sound limits were also covered from a broader perspective. This was done together 
with other infrastructural, traffic management and urban planning measures, and besides for road 
traffic, also for railway and aircraft noise. The WHO recommendations on environmental noise 
exposure13 (2019) highlighted the urgency to reduce the health burden from transportation noise in 
Europe. 

The main focus was to identify best solutions for reduction of the health burden at EU level in urban 
and non-urban areas. Also, two methods for assessment of health benefits were applied, in a 
different approach to previous studies such as Venoliva14 (2011) and others, following recent EU 
Guidelines15 (2019). For this reason, the same approach is taken in this study, but with more detailed 
scenarios for vehicle sound limits. The appraisal period in this study is 2020-2045, whereas in the 
Phenomena study a shorter period up to 2035 was evaluated, so as to identify best options for the 
shorter term. 

 
 

4.3 Methodology 
Health benefits 

The methodology is based on a causal-chain approach for health impact assessment, also applied 
in the Phenomena study. 

The methodology for health impacts is based on the DPSEEA approach for environmental health 
impact assessment, recommended by WHO16,17,18. DPSEEA stands for Driving forces – Pressures 
– State – Exposure – Effects – Actions, as illustrated in Figure 63. The figure also indicates the 
various elements for the case of traffic noise: 

 

traffic – emission – levels – exposure – effects. 

 
 
 
                                                      
12 Assessment of Potential Health Benefits of Noise Abatement Measures in The EU - Phenomena project, Study for EU DG Environment by 
VVA, TNO, Anotec, UAB, Tecnalia, Contract number 07.0203/2019/ETU/815591/ENV.A.3, April 2021. 
13 Environmental Noise Guidelines for the European Region, WHO, 2018. 
14 F. de Roo et al, VENOLIVA - Vehicle Noise Limit Values - Comparison of two noise emission test methods – Final Report, TNO, 2011. 
15 H. van Essen et al, Handbook on the external costs of transport, January 2019, for the European Commission. 
16 http://www.integrated-assessment.eu/eu/guidebook/dpseea_framework.html 
17 D. van den Hout, E. Salomons, H. Polinder, S. Janssen, Jamie Graham, V. Máca, E. Kuusisto, “Integrated Environmental Health Impact 
Assessment for noise due to urban road traffic”, Deliverable D 7.1.9 of the Heimtsa project, 11 March 2011. 
18 E. Salomons, D. van den Hout, S. Janssen, U. Kugler, V. Máca, “Method for predicting future developments of traffic noise in urban areas in 
Europe”, proceedings Internoise 2010, Lisbon, Portugal. 



 

 

 

Figure 63: The DPSEEA approach for health impact assessment, in general and for traffic noise (right). 

The DPSEEA causal chain for road traffic noise is illustrated further in Table 34. Traffic parameters 
are the starting point, followed by the sound emission of the vehicles on the roads. The environmental 
noise levels are then calculated, which are used in noise mapping, followed by the distribution of 
numbers of people exposed to different bands of noise levels. Finally, the health effects are 
calculated from the exposure distribution, expressed in three ways: 

i) Numbers of people with the following negative health effects: 

 annoyance  

 sleep disturbance  

 myocardial infarction 

ii) Healthy life years lost (DALYs, Disability-Adjusted Life Years) 
iii) Monetised health effects in euros 

For annoyance, both numbers of annoyed persons and numbers of highly annoyed persons are 
considered. For sleep disturbance, both numbers of sleep-disturbed persons and numbers of highly 
sleep-disturbed persons are considered.  

Table 34: Illustration of the DPSEEA chain for impact assessment of road traffic noise. (Source: Phenomena 
Study). 
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The noise methodology used in this study (and in the Phenomena study) deviates from the ideal 
DPSEEA approach in the representation of noise exposure. Rather than using the ‘true’ noise 
exposure of people moving along their daily trajectories in their houses and outside19, noise levels 
at the façades of the dwellings are used as approximations: This approximation is commonly used 
in impact assessment studies of environmental noise – for example, in the EU project Heimtsa20,21. 

Noise is a very local phenomenon and requires detailed data on the noise sources and the 
infrastructure. Consequently, calculations of traffic noise maps are very complex. A single calculation 
model22 for the noise levels (façade levels) in the whole EU does not exist. However, noise maps 
and noise exposure distributions of EU Member States can be used, collected by the EEA23 in the 
framework of END noise mapping. The END exposure distributions represent the year 2017. These 
are used as a starting point for extrapolation to the appraisal period 2020-2045 for this study.  

Table 35 illustrates the methodology for calculating health effects for a baseline scenario and an 
alternative scenario, i.e. a scenario with one or more noise abatement solutions. The baseline 
scenario considers autonomous developments of foreseen legislation, traffic, cities, and population 
in the period 2020-2045. Alternative scenarios include the effects of changes to the baseline scenario 
such as increased numbers of quieter vehicles (such as electric vehicles) and quieter tyres.  

The END exposure distributions of 2017 are used as a starting point. Noise level changes are 
calculated for the period 2017-2045 and are applied to the 2017 exposure distributions. This is 
illustrated by the following examples for road traffic: 

- For the baseline scenario, the noise levels gradually change due to various effects: 
o Autonomous traffic growth (typically 1% per year for road traffic), 

                                                      
19 It is virtually impossible to determine the ’true’ noise exposure of people. This would require not only the complete sound level history as a 
function of time of the day for a person, but also the application of some kind of ‘context filter’, to account for the fact that the effects of noise 
depend on the context. Noise may be more annoying when you are reading a book in a park than when you are walking in a busy shopping 
street, for example. 
20 D. van den Hout, E. Salomons, H. Polinder, S. Janssen, Jamie Graham, V. Máca, E. Kuusisto, “Integrated Environmental Health Impact 
Assessment for noise due to urban road traffic”, Deliverable D 7.1.9 of the Heimtsa project, 11 March 2011. 
21 E. Salomons, D. van den Hout, S. Janssen, U. Kugler, V. Máca, “Method for predicting future developments of traffic noise in urban areas in 
Europe”, proceedings Internoise 2010, Lisbon, Portugal. 
22 In this context a calculation model is a set of digital data that represents the real world, with noise levels calculated from input data for the 
environment (buildings, roads, etc.) and the noise sources (traffic). 
23 “Noise observation and information service for Europe”, see http://noise.eea.europa.eu/ 



 

o Gradual change of vehicle fleet with increasing numbers of hybrid and electric 
vehicles. 

- For an alternative scenario, additional noise level reductions may be achieved by measures 
such as: 

o quieter powertrains, including electric vehicles, 
o quieter tyres. 

If, for example, all vehicles were to become 5 dB quieter, then all noise levels on the noise map 
would decrease by 5dB. The level change of 5 dB is applied to the 2017 exposure distribution, which 
results in a changed exposure distribution for the years after which the solution has been 
implemented. This is illustrated in Figure 4.2. 

The health effects (expressed in three ways, see Table 34) are calculated for the two scenarios from 
the exposure distributions. Finally, the difference between the effects for the two scenarios is equal 
to the health benefit for the noise solution. 

  

 health benefit = health effects for baseline scenario - health effects for alternative scenario 

 

A positive value for the health benefit represents an improvement. i.e. a situation where health effects 
(annoyance, sleep disturbance, myocardial infarction, DALYs, Euros) are lower for the alternative 
scenario than for the baseline scenario. 

 

 

Figure 64: Illustration of the effect of an emission reduction on the reference exposure distribution (Source: 
Phenomena Study). 

 
  



 

 

Table 35: Illustration of methodology for calculating health effects for a baseline scenario and an alternative 
scenario. The difference between the two is equal to the health benefits. (Source: Phenomena 
Study). 
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A distinction is made between noise exposure in urban agglomerations and noise exposure outside 
agglomerations. As described above, the noise exposure of a person is represented by the façade 
level at the dwelling of the person (at the most-exposed façade, ignoring the façade reflection). The 
façade level is also used in exposure-response relations: 

 The day-evening-night level Lden for annoyance 

 the night level Lnight for sleep disturbance 

Therefore, the END prescribes that exposure distributions must be calculated both for Lden and for 
Lnight. The distributions are illustrated schematically in Figure 65. The values of Lden and Lnight are 
given in 5dB intervals. The heights of the five bars in a distribution represent either absolute numbers 
of people or percentages of people exposed to the five level intervals (this is explained further below). 
The distributions depend on many parameters, such as traffic parameters, road network, population 
density, infrastructure and topography. The calculated exposure distributions are subject to 
uncertainties due to uncertainties in the input parameters. In addition, there are uncertainties due to 
model limitations and approximations. It should be noted that different (national) noise models have 
been used for calculating the distributions for the various EU Member States, resulting in an 
averaged overall EU distribution. 

 

 

Figure 65: Schematic illustrations of END exposure distributions with Lden (top) and Lnight (bottom). 

 

Figure 66 shows EU average exposure distributions for road traffic noise in urban agglomerations, 
derived from the END data for 2017Error! Bookmark not defined.. The END data is not complete, as data 
from many agglomerations was not reported. Data from 229 agglomerations was used here, with a 
total population of 84 million. The exposure in Figure 66 is expressed as a percentage of the total 
population. The total EU urban population is around 334 million (excluding UK) – i.e. four times higher 
than the agglomerations total. By expressing the exposure as a percentage, the distributions in 
Figure 66 can be used also for the EU. 

Summing over the 5dB intervals in Figure 66 yields a total exposure with Lden  55 dB of 44.8%. For 
the population of 84 million this corresponds to 37.7 million. For the population of 334 million in EU 
urban areas this corresponds to about 150 million. This linear extrapolation to the total urban EU 
population is an approximation. It is assumed that the END data, which is based on cities with 
inhabitants of 100,000 and higher, also applies approximately to cities with a population of less than 
100,000.   

Figure 67 shows EU summed exposure distributions for major roads outside agglomerations, derived 
from the END data for 2017. In this case the exposure is expressed not as percentages, but as the 
absolute number of persons exposed in millions. The data for major roads is assumed to be more 



complete than the data for agglomerations, based on the data submitted to the EEA. The total road 
length represented by the data is about 350,000 km, as follows from the data on the EEA website. 

The 2017 exposure distributions are set out in Figure 66 and Figure 67. The differences with previous 

mapping rounds in 2012 and 2017 are relatively small, although some fixed uncertainty over 2007-2017 

cannot be excluded. 

 

Figure 66: EU average exposure distributions for road traffic noise in agglomerations, based on the END data 
for 2017. Note: 3 agglomerations did not provide night data. 

 



 

 

 

Figure 67: EU summed exposure distributions for noise from major roads outside agglomerations, based on 
the END data for 2017. 

 

Extrapolation below the END exposure limits 

For the application of the health impact assessment methods described in previously, the exposure 
distributions were extrapolated to include two 5dB intervals below the END exposure limits of 55 dB 
Lden and 50 dB Lnight24,25. Results are shown in Table 36 and Table 37 for Lden and Lnight 
respectively. For road traffic noise in urban areas, the extrapolation approach developed in the 
project Heimtsa26 is used here: 

 

P1 = 1/3 Prem, P2 = 2/3 Prem, with Prem = 100 – (P3+P4+P5+P6+P7).  (1) 

 

Here Pj is the percentage exposure of interval j (j=1-7), where j=3-7 correspond to the original 
distribution with five intervals. This is an approximation. The form of the exposure distribution 
depends on the precise layout of buildings and roads in a city27.  

For major roads outside urban areas, the following approximation is used: 

                                                      
24 “Methodological guidance for estimating the burden of disease from environmental noise”, World Health Organization  2012. 
25 “Implications of environmental noise on health and wellbeing in Europe”, Eionet report – ETC/ACM 2018/10. 
26 E. Salomons, D. van den Hout, S. Janssen, U. Kugler, V. Máca, “Method for predicting future developments of traffic noise in urban areas in 
Europe”, proceedings Internoise 2010, Lisbon, Portugal. 
27 E.M. Salomons and M. Berghauser Pont, “Urban traffic noise and the relation to urban density, form, and traffic elasticity.” Landscape and Urban 
Planning 108 (2012) 2-16. 



 

N1 = N3 + 2 N, N2 = N3 + N, with N = max(0, N3-N4).    (2) 

Here Nj is the absolute exposure (in millions) of interval j (j=1-7), where j=3-7 correspond to the 
original distribution with five intervals. The approach is used both inside and outside urban 
agglomerations. Again, this is an approximation.  

Table 36: EU27 exposure (in millions) as a function of Lden, for the year 2017, including extrapolated values 
below the END limits (first 2 columns are extrapolated). 

Lden range (dB) 45-49 50-54 55-59 60-64 65-69 70-74 >75 total 
urban 61.37 122.75 58.50 46.79 31.53 11.17 1.64 333.75 
non-urban  15.23 11.58 7.93 4.28 3.27 1.33 0.13 43.74 

Table 37: EU27 exposure (in millions) as a function of Lnight, for the year 2017, including extrapolated values 
below the END limits (first 2 columns are extrapolated). 

Lnight range 
(dB) 

40-45 45-49 50-54 55-59 60-64 65-69 70-74 total 

urban 77.96 155.92 48.17 34.31 14.01 3.05 0.32 333.75 
non-urban  9.18 7.31 5.45 3.58 1.73 0.25 0.03 27.53 

 
 
Effect of noise abatement solutions on the exposure distributions 
 

In principle, the effect of a noise solution (at source) is straightforward. If the emission of a source is 
reduced by 5 dB, for example, then received sound levels due to this source are all reduced by 5 dB. 
In practice, however, there are many different sources, such as motorways and urban streets, with 
different emission reductions. Therefore, the approach is to first calculate a weighted average 
emission reduction over all sources, and next apply this reduction to the reference exposure 
distribution (from 2017 END data), as illustrated in Figure 63. 

Some road traffic noise solutions require a detailed consideration of various types of roads in an 
urban agglomeration. For example, quiet road surfaces are more effective on motorways than on 
low speed urban streets. Therefore, use is made of a model for calculating the noise level change 
that takes into account different road types, based on a model previously developed for 
the -Netherlands28,29. The model distinguishes various road types: residential streets, arterial roads, 
main roads, motorways, with a further distinction between urban and nonurban roads, and also 
between intermittent or free flowing- traffic. The model allows for a noise solution to be implemented 
only on some of the different road types.   

Method for calculating the health burden and the costs of noise 

Two different calculation methods are used for the calculation of health effects:  

 Method 1, described in a recent handbook on the external costs of transport30, 

 Method 2, developed in the framework of EU project HeimtsaError! Bookmark not defined.,Error! Bookmark 

not defined.. 

 
For both methods, the EU exposure distributions with 5 dB intervals are used as input. The 
distributions are extrapolated below the lower limits of 55 dB Lden and 50 dB Lnight as described 
previously. 

Method 1 yields the total external costs of health effects caused by noise31. Method 2 also yields the 
total costs, but in addition, numbers of affected people are calculated, as well as numbers of healthy 
                                                      
28 M. Dittrich, F. de Roo, “Beleidsindicator geluid wegverkeer” (Policy Indicator for road traffic noise), TNO-report June 2015, 
TNO 2015 R10673. 
29 M. Dittrich, J. Sliggers, “A policy indicator for road traffic noise emission”,Proceedings Internoise, Hamburg 2016 
30 “Handbook on the external costs of transport”, January 2019, report prepared by H. van Essen (CE Delft) et al for the European 
Commission. 
31 The costs of the health effects of noise (or the “costs of noise”) are also referred to as monetized health effects of noise. These should be 
distinguished from the costs of noise solutions, which are described in the next section. 



 

life years lost (DALYs). By using both methods, a broader picture of the health burden is provided 
than with a single method. The costs estimated with method 1 are considerably higher than the costs 
estimated with method 2, up to a factor of 4. This difference reflects the fact that noise impact 
assessments are subject to a large uncertainty. 

Figure 68 gives a simple graphical illustration of method 2. The elements in the figure, such as 
exposure-response relations, are described in the subsections below. 

 

Figure 68:  Illustration of method 2 for calculating health effects of noise. The exposure response relation for 
high annoyance by road traffic noise is shown as an example. Source: Heimtsa report. 

Effects of noise, exposure-response functions 
 

Long-term exposure to environmental noise causes various negative health effects32:  

 annoyance, 

 sleep disturbance, 

 myocardial infarction / cardiovascular disease, 

 tinnitus, 

 cognitive impairment in children.  

The focus here is on the first three effects: annoyance, sleep disturbance, and myocardial 
infarction33, following the approach in EU project HeimtsaError! Bookmark not defined.,Error! Bookmark not defined.. 
The prevalence of these effects is calculated with exposure-response functions (ERFs). For 
example, there is an ERF for the percentage of annoyed persons in a population as a function of the 
façade level Lden. There is also an ERF for the percentage of highly-annoyed persons34, which is 
shown in Figure 69. Similar ERFs are available for sleep disturbance, with the noise level Lnight as 
exposure level. For myocardial infarction an ERF has been derived that yields the odds ratio35 for 
myocardial infarction as a function of exposure level Lde or Lday,16h, which is the equivalent level 
over the period 7h-23h. The ERFs have been derived from the results of a large number of surveys 
of the effects of noiseError! Bookmark not defined.. 

                                                      
32 “Burden of disease from environmental noise. Quantification of healthy life years lost in Europe”, WHO publication, 2011. 
33 The EU health burden contributions of the three health effects annoyance, sleep disturbance, and myocardial infarction are much larger 
than the contributions of tinnitus and cognitive impairment in children (EEA 2018). 
34 The category ‘highly annoyed’ represents all people with annoyance ratings higher than 72 on a rating scale from 0 (not annoyed at all) to 
100 (extremely annoyed). The category ‘annoyed’ represents people with annoyance ratings higher than 50. The categories ‘highly sleep-
disturbed’ and ‘sleep-disturbed’ are defined analogously. 
35 The odds ratio is a good approximation of the relative risk, from which the percentage of myocardial infarction cases attributable to 
environmental noise is calculated. 



Exposure-response functions (ERFs) are used for annoyance and sleep-disturbance, developed by 
Miedema and co-workers and reported for WHO in 201136 and 200937. In 2018, WHO published a 
Error! Bookmark not defined. with new ERFs for high annoyance (HA) and high sleep-disturbance (HSD). 
The new ERFs are given in the form of tables with percentages HA and HSD at levels Lden and Ln 
in 5 dB steps. The ERFs of Miedema and WHO are compared in the graphs below. Also shown are 
the graphs of ERFs of Miedema for Annoyed (A) and Sleep Disturbed (SD). 

Since there are no ERFs of WHO for Annoyed and Sleep disturbed (only for high annoyance and high 
sleep disturbance), the previously used Miedema ERFs for road are used. 

                                                      
36 The EU health burden contributions of the three health effects annoyance, sleep disturbance, and myocardial infarction are much 
larger than the contributions of tinnitus and cognitive impairment in children (EEA 2018).   
37 “Night noise guidelines for Europe”, World Health Organization 2009, http://www.euro.who.int/document/e92845.pdf   



 

 

 



  

Figure 69: Exposure-response functions for high annoyance, high sleep disturbance, annoyance, and sleep 
disturbance. 

  
DALYs 

For method 2, the health effects are expressed in DALYs (Disability Adjusted Life years), or ‘healthy 
life years lost’. The DALYs are calculated from the numbers of people that are highly annoyed, highly 
sleep disturbed, and people affected by myocardial infarction. A DALY weight of 0.02 is used for 
‘high annoyance’ and 0.07 for ‘high sleep disturbance’Error! Bookmark not defined.,Error! Bookmark not 
defined.,. For myocardial infarction, the definition DALY = YLL + YLD is used. Here the number of 
life years lost, YLL, is equal to the number of fatal cases (25% of the total number) multiplied by the 
mean number of life years lost per case (8 years). The years lost due to disability, YLD, is equal to 
the number of non-fatal cases multiplied by the DALY weight of 0.405Error! Bookmark not defined.. 

Monetary valuation 

The methodology includes a monetary valuation of the health burden. Ideally the valuation includes 
all changes in welfare caused by the noise, including for example medical expenses for treatment, 
lost wages, and a change in life expectancy or premature death. As indicated before, two different 
methods are used for monetary valuation, method 1 and method 2.  

 

Monetary valuation with method 1 

Method 1 is based on a table of values for the costs of environmental noise, reflecting the welfare 
loss per decibel increase. The values are based on studies reported in the literature and are 



 

reproduced here in Table 38. For a given Lden level the costs over the lower dB bands are integrated. 
Below 50 dB Lden the costs are zero. 

Table 38: Values of the costs of traffic noise for the EU28, in units of Euro/dB/person/year Error! Bookmark not 

defined.. 

Lden 
(dB) 

Road  
annoyance health total 

50-54 14 3 17 
55-59 28 3 31 
60-64 28 6 34 
65-69 54 9 63 
70-74 54 13 67 
>74 54 18 72 

 

A distinction is made between two contributions to the costs of noise, one from annoyance and one 
from health; sleep disturbance is assumed to be part of annoyance38.  The cost increase with 
increasing sound level is also in line with the general shape of the exposure-response relations. A 
threshold of 50 dB is assumed, which means that effects are neglected below 50 dB. The total 
integrated costs for a person exposed to 62 dB road traffic noise, for example, is calculated as 
follows:   

5x17 + 5x31 + 2x34 = 308 Euros/person/year. 

The total integrated costs for the EU are calculated by combining the table with the EU exposure 
distributions. 

Monetary valuation with method 2 

Method 2 for monetary valuation of the effects of noise is based on an extensive literature surveyError! 

Bookmark not defined.. As described before, a distinction is made between three health endpoints: 
annoyance, sleep disturbance, and myocardial infarction.  

 For annoyance, a fixed cost of 85 Euro per annoyed person per year, based on HEATCO39, is 
used40.  

 For sleep disturbance, the costs are calculated in terms of productivity loss caused by high sleep 
disturbance, with a value of 2% of EU average GDP per employee41.  

 The total costs for myocardial infarction are calculated from the morbidity costs (7300 Euro per 
case) and the costs of life years lost with 40 000 Euro per life year42. 

In the Heimtsa project it has been found that monetary values calculated with method 2 are about a 
factor of 2 lower than monetary values calculated from the DALYs for the three endpoints, using the 
monetary value of a life year indicated aboveError! Bookmark not defined.. A difference of a factor of 2 may 
be considered as a good agreement for this type of calculation. Monetary valuation via the DALYs 
has also been used or considered in other studies43. The approach of the EEA calculator of health 

                                                      
38 In the present study the total values in Error! Reference source not found. are used. These are referred to here as ‘health costs, since 
annoyance and sleep disturbance are considered also as health effects. 
39 S. Navrud, Y. Trædal, A. Hunt, A. Longo, A. Gressmann, C. Leon, R. Espino, Markovits-Somogyi, F. Meszaros (2006) Economic values for 
key impacts valued in the Stated Preference surveys, Deliverable four, HEATCO – Developing Harmonized European Approaches for 
Transport Costing and Project Assessment, available at https://www.yumpu.com/en/document/view/2210784/. 
40 The value of 85 Euro per annoyed person (including highly annoyed persons) is based on the HEATCO project and is valid for road 
and rail traffic noise. For aircraft noise, the same value is used as for road and rail traffic noise (HEATCO gives no value for aircraft 
noise). This is based on the fact that in Method 1 the values for aircraft noise are about a factor of 2 higher than for road traffic noise, 
which approximately corresponds with the difference between the exposure-response functions for road traffic noise and aircraft noise. 
41 This is based on Godet-Cayré et al., “Insomnia and absenteeism at work. Who pays the cost?”, Sleep Vol. 29, 2006, pp. 179-184. The 
same value of 500 Euro is used as in the HEIMTSA project, since the variation of the GDP since 2011 is negligible 
(https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=EU). 
42 The contribution from myocardial infarction is typically one order of magnitude smaller than the contributions from annoyance and sleep 
disturbance. In the literature, various values have been used for the value of a life year. A value of 78 500 Euro is used, for example, in 
“Environmental noise in Europe – 2020”, EEA report No. 22/2019. A value of 110 987 Euro is used in “Evaluation of Directive 2002/49/EC 
relating to the assessment and management of environmental noise”, EC report, 2016. In the present study the value of 40 000 Euro is used, 
which was used in the Heimtsa project. 
43 “Environmental noise: valuing impacts on sleep disturbance, annoyance, hypertension, productivity and quiet”, Defra report, November 
2014, www.gov.uk/defra 



effects and costs44  is similar to the approach of Heimtsa.  
 

 

Costs 

The industry cost estimates for the scenarios are based on methodology applied in the Venoliva 
studyError! Bookmark not defined. and a subsequent study45. The costs for implementing tighter noise limits 
consist of additional R&D and additional production costs. These are only incurred when real noise 
reductions must be implemented but not for vehicle models that already fulfil tighter limits. 

Additional development costs 

Additional development costs are estimated over a 7-year period during which new models are 
developed to comply with the new limits. The noise reduction must be achieved on powertrains if 
tyres remain unchanged. For a noise reduction NRj for vehicle type j, the annual estimated additional 
development costs for exterior noise reduction Cdev,j  can be expressed in the following formula, 
which includes an exponential cost increase: 

 

  Cdev,j  = nj . Cdj . 2 (NRdev,j-1)  (3) 

and 

NRdev,j = NRj-NR0,j  (4) 

 
where:  
Cdev,j = annual additional development cost for noise reduction NRj 

nj= annual number of new vehicle models of group j produced in the EU27 

Cdj = annual development cost for 1 vehicle model of type j for first dB reduction 

NRdev,j = noise reduction requiring additional R&D 
  
NRj =  total required exterior noise reduction in dB for type j 

NR0,j = margin of noise reduction achievable with available technology, dB, for type j 

The annual number of new models for each vehicle type nj taken as in the Venoliva study, taking into 
account that many vehicle models have subtypes, especially cars (for example powertrain types and 
sizes). The annual additional development cost Cdj for the first dB noise reduction of a model is 
estimated at 1 manyear + facility costs, approximately €165.700,- per annum (as in Venoliva + 
10.46%). Such costs are taken to be comparable independent of vehicle group (cars, vans, buses, 
lorries, HGVs).  

As R&D is an upfront investment, an investment multiplier is applied to the total  additional 
development costs of 1.16, as done in an ACEA study in 201046. 

As an example, the estimated development costs are set out in   

                                                      
44 “Noise Health and Costs Calculatorv3 EEA”, excel file downloaded from the CIRCA website.   
45 de Roo, F., Dittrich, M., Bosschaart, C., Berry, B., 2012 Reduction of vehicle noise emission - Technological potential and impacts, TNO 
Report TNO-DV 2012 C100, 
https://www.transportenvironment.org/sites/default/files/media/TNO-DV-2012-C100%20-%20Vehicle%20noise%20reduction%20-
%20Potential%20and%20impacts%20-%20Final_0.pdf 
46 Monitoring Procedure in the Vehicle Noise Regulation ECE R 51 - monitoring database and cost/benefit analyses, ACEA report 2010. 



 

Table 39 for the first development year, and for a reduction of NR=2 dB, but with NR0=1 dB margin 
already available. 

The additional development costs start from the first year, whereas additional production costs start 
a year before model introduction  (i.e. 2023 for phase 3 limits). These costs together occur during 10 
years in total. 

  



Table 39: Estimated annual additional development costs, for a 2 dB limit reduction for all vehicle types, as 
function of number of new models nj per vehicle type j per annum, base annual development cost Cdj 
for first dB reduction, reduction margin NR0j and required reductions NRj for vehicle type j. A 
multiplier of 1.16 is applied for cost of investment. 

Vehicle group j nj Base annual devt. cost 
for first dB  
Cdj   (€) 

NR0,j 
 dB 

NRj  
dB  

Additional annual devt. 
cost  
Cdev,j  (M€) 

Cars 225 165.700 1 2 37.3 
Vans 8 165.700 1 2 1.3 
Buses 10 165.700 1 2 1.7 
Lorries 10 165.700 1 2 1.7 
HGVs 15 165.700 1 2 2.5 
Total/year (M€)         44.4 
Incl. investment 
multiplier 1.16  

        
51.5 

 

Additional production costs 

The additional production costs Cprod can be calculated from an estimate for additional materials and 
manufacturing, assumed proportional to the noise reduction, and slowly decreasing over the lifetime 
of the production cycle to take into account gradual efficiency improvements in production. The 
additional production costs are assumed for short term noise reduction solutions, but reducing to 
zero after 7 years due to gradual integration and introduction of longer term and more effective design 
solutions. The following relation is assumed between de additional production costs Cprod,j for vehicle 
group j and the noise reduction NR: 

 

        Cprod,j =  mj .  NRp . Cpj . (8-y)/7  (5) 

where: 

Cprod,j = additional production cost in year y for NR dB of noise reduction for vehicle model j 

mj  = number of vehicles of model j produced per annum  

Cpj = average additional production cost per dB of noise reduction for vehicle model j, per vehicle 

NR = real exterior noise reduction on the vehicle 

p = power exponent, 1.41 for cars and vans, p=1 for other vehicles 

y = year from first production (y=1,2,…7) 

The value of additional production costs per dB, Cpj is estimated at 15 Euro per unit for 1 or 40 dB 
fpr 2 dB reduction per unit respectively for cars and vans, and 250 Euro47 per unit/dB for other 
vehicles. For these larger vehicles, this value is derived mainly from shielding and encapsulation 
options. The lower value for cars is due to the large production volumes of cars and vans, their 
smaller size, but also the broad range of potential of solutions such as  

- engine and powertrain design, 

- electronic control and engine mapping for powertrain noise.  

- component layout and dimensioning,  

- vibration isolation including joint design,  

- partial encapsulation, 

- component shielding,  

- absorption in the engine enclosure, 

                                                      
47 In accordance with Report TNO-DV 2012 C100, Reduction of vehicle noise emission - Technological potential and impacts, April 2012. 



 

and other measures mentioned in the feedback gathering, listed in section 2.3 Aii. 

Depending on the vehicle model, some of these measures will already be in place, but could be 
extended where possible and effective. 

The differences between light and heavy vehicles are also related to vehicle mass, as larger engines 
may require more materials for noise reduction, especially to work at lower frequencies. The cost 
figures are assumed to rise almost linearly (in the small range considered) with increasing noise 
reduction according to the above formula but reduce to zero over the production cycle of the vehicle 
(7 years). So, all these additional costs are deemed negligible 8 years after first production with 
tighter limits.   
 

The estimated additional production costs for the first production year are set out in Table 40 for a 
reduction of 1 dB. These diminish to nil after 8 years. 

 

Table 40: Annual additional production costs in first year of production as a function of required noise 
reduction, number of vehicles produced per annum48 mj and average additional production cost per 
dB of noise reduction Cpj. 

Vehicle group j Number of vehicles 
of type j produced 

annually 
mj 

Additional annual 
production cost per 

vehicle / dB 
 Cpj (€) 

NR 
(dB) 

Additional, annual 
production cost  

Cprod,j (M€) 
Cars 15800000 15 1 237 
Vans 2200000 15 1 33 
Buses 36000 250 1 9 
Lorries 107000 250 1 27 
HGVs 388000 250 1 97 
Total(M€)       403 

 
 

For tyres, the additional cost of quieter tyres is estimated at 2% in the wholesale price of around € 
50, which for 300 million vehicles times 4 tyres every four years, amounts to 300 M€/year. 

Cost-benefit analysis and appraisal period 

Costs and benefits are estimated on an annual basis over the whole appraisal period 2020-2045. 
The highest costs tend to be at the time of implementation and decrease over time, whereas the 
benefits grow gradually, as evolution of the vehicle fleet in terms of size and composition determines 
change gradually and affect the average noise levels.  

In the calculation of annual costs and benefits, a correction is made for future growth based on the 
interest rate, and for the value decrease over time based on a discount rate. The discount rate is 
applied to determine the present value of future amounts, effectively lowering these with increasing 
years. 

A discount rate rd of 4% and an interest rate rg of 1% are applied for both costs and benefits for the 
whole appraisal period, as suggested in the EU guidelines49. 

The discounted value of the benefit in year i is calculated with the following formula: 

 

𝐵 = 𝐵0 1 + 𝑟𝑔
𝑖
/(1 + 𝑟𝑑)𝑖   (6) 

with  

- Bi = benefit value in year i,  

                                                      
48 Derived from ACEA Automobile Industry Pocket Guide 2020-2021 
49 “Guide to cost-benefit analysis of investment projects”, EC report 2015, See: 
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf 



- B0 = initial benefit value (year i=0),  
- rg  = interest rate,  
- rd = discount rate. 

 

For the appraisal period 2020-2045, the benefits and costs are accumulated over the whole period 
of n years, resulting in total benefits Btot,n and total costs Ctot,n: 

 

𝐵 , = 𝐵 (1 + 𝑟 ) /(1 + 𝑟 )    (7) 

 

𝐶 , = 𝐶 (1 + 𝑟 ) /(1 + 𝑟 ) .   (8) 

 

 

For each scenario, the benefit to cost ratio for the appraisal period of n years is calculated over the 
whole appraisal period from 

𝐵𝐶𝑅 = ,

,
.   (9) 

For BCR > 1 the benefits exceed the costs, meaning the investment is worthwhile. For a short 
appraisal period, the BCR ratio tends to be lower than for a longer period.  

The appraisal period affects the CBA results, for example in the case of vehicle limits where fleet 
replacement is a factor. 

The so-called Net Present Value (NPV) is the difference in accumulated benefits and accumulated 
costs in year n: 

𝑁𝑃𝑉 = 𝐵 , − 𝐶 , .   (10) 

 

The NPV is normally negative before reaching a ‘break-even’ point after several years, after which 
the overall benefits exceed the overall costs. Any project or noise abatement solution will tend to 
have a break-even point after which the total benefits exceed the total costs. 

 
Road traffic noise emission model 

For road traffic noise, the methodology described in the foregoing is based on the following EU 
exposure distributions for the year 2017: 

- exposure distributions for urban agglomerations (Lden and Lnight), 
- exposure distributions for major roads outside agglomerations (Lden and Lnight). 

Effects of noise abatement solutions (and autonomous developments) in the period 2017-2035 are 
taken into account by estimating a change of the 2017 exposure distributions. This is illustrated 
schematically in Figure 70. 
 



 

 

Figure 70: Illustration of the effects of different types of noise abatement solutions on the END exposure 
distributions, which are used to calculate the (reduced) health burden. 

 

The average noise level change due to noise abatement at source is calculated with an 
environmental model for road traffic noise emission. The model yields average noise levels Lden and 
Lnight along eight different types of roads50. Noise levels Lden,j and Lnight,j are calculated for each year 
in the period 2017-2045 (j = 2017, 2018, …, 2045). From these levels noise level changes are 
calculated: 

 

    Lden,j = Lden,j – Lden,j=2017   (11) 

 

    Lnight,j = Lnight,j – Lnight,j=2017.   (12) 

 

The level changes are zero for year j = 2017, and gradually change over time. The level changes 
are different for the baseline scenario and the alternative scenario with the noise solution. 

The road traffic noise emission model takes into account: 

- the emission of individual road vehicles (calculated with the Cnossos model), 
- intensities and speeds of the vehicles on the different types of roads. 

                                                      
50 These noise levels are not true emission levels, but rather noise levels at short distance from the roads. 



The model has been developed for situations in the Netherlands51,52, and was adapted for this study 
by using parameters appropriate for the EU. The most important elements of the model are described 
below; for details, the reader is referred to the referencesError! Bookmark not defined.,Error! Bookmark not defined..  

Eight road types are distinguished in the model, also previously defined in Venoliva and subsequent 
studies:  

1) urban   residential streets with intermittent flowing traffic,  
2) urban   residential streets, free flowing traffic,   
3) urban   main roads, intermittent flowing traffic,   
4) urban  main roads, free flowing traffic,    
5) urban  arterial roads,     
6) urban  motorways,     
7) non-urban motorways,     
8) nonurban main roads.     

For residential streets and main roads, 1/3 of the overall road length is assumed to have intermittent 
traffic flow with acceleration and deceleration, whereas 2/3 of overall road length has free traffic flow: 
Intermittent traffic is mainly around crossings, junctions and accelerating & decelerating traffic 
applies to residential and main roads. Dense traffic, saturated traffic and congestions are more 
temporary and not relevant for Lden, due to shorter time and lower noise levels. They might be more 
relevant for exhaust emissions, depending on the behaviour. Inhabited road lengths of the 8 types 
were estimated for the EU, and also numbers of inhabitants per km (see Table 41). Vehicle intensities 
and speeds were also estimated for the different road types (Table 42). The fleet composition varies 
with road type. For example, the percentage heavy vehicles (trucks) is generally higher on non-urban 
motorways than on residential streets. 

For each road type four subtypes are considered:53 

i) roads with a standard road surface,  
ii) roads with a standard road surface and noise barriers, 
iii) roads with a quiet road surface,  
iv) roads with a quiet road surface and noise barriers. 

This results in 4x8 =32 different road types. For road types 5-8 in the EU 5% is assumed with a quiet 
road surface. These are applied far less on road types 1-4 with lower speeds. 

From the vehicle intensities and speeds for the different road types and the vehicle emission model 
(described below), noise levels Lden and Lnight are calculated at a distance of 15 m (non-motorway) or 
50 m (motorway) from the road. For sound propagation, only geometrical spreading of sound waves 
is taken into account. Ground attenuation and air absorption are neglected. For barrier attenuation a 
mean reduction of 10 dB is applied54.  

Table 41: Lengths of eight road types (inhabited) and numbers of people along the roads. 

 Type  Inhabited length (km) Number of people 
per km 

1 Residential street, 
intermittent 

Urban 1/3 * 965652 250 

2 Residential street, free Urban 2/3 * 965652 250 
3 Main road, intermittent Urban 1/3 * 199796 500 
4 Main road, free Urban 2/3 * 199796 500 
5 Arterial road Urban 94118 500 
6 Motorway Urban 3824 1000 
7 Motorway Non-urban 34141 50 
8 Main road Non-urban 1517922 20 

 

                                                      
51 M. Dittrich, F. de Roo, “Beleidsindicator geluid wegverkeer”, TNO-report June 2015, TNO 2015 R10673. 
52 M. Dittrich, J. Sliggers, “A policy indicator for road traffic noise emission”, Internoise, Hamburg 2016 
53 The distinction between roads with a standard road surface and a quiet road surface is made because it is assumed noise barriers are first 
put along road sections with a quiet road surface. 
54 In practice, barrier attenuation varies due to variations of barrier height and other geometrical parameters. For a 5 m barrier along a road, 
the typical attenuation is 10 dB. For practical reasons, only this typical value is considered. 



 

Table 42: Parameters of the vehicle flow on the eight road types 

 Type  Vehicle flow  
(vehicles per 24h)  

Speed C1/C2/C355 
(km/h) 

1 Residential 
street, 
intermittent 

Urban 500 30 / 30 / 30 

2 Residential 
street, free 

Urban 500 50 / 40 / 40 

3 Main road, 
intermittent 

Urban 20000 50 / 40 / 40 

4 Main road, 
free 

Urban 20000 50 / 50 / 50 

5 Arterial 
road 

Urban 33700 80 / 70 / 70 

6 Motorway Urban 48500 100 / 85 / 85 
7 Motorway Non-

urban 
48500 115 / 85 / 85 

8 Main road Non-
urban 

16000 80 / 80 / 80 

 
Cnossos vehicle emission model with corrections 

In order to calculate the emission of individual vehicles, the Cnossos model for vehicle noise 
emission is used56. The implementation of Cnossos for this study is described in this section and is 
illustrated in Figure 71. The Cnossos model has separate contributions from propulsion noise and 
rolling noise. Three vehicle categories57 are considered: 

- light vehicles (C1), 
- medium-heavy vehicles (C2), 
- heavy vehicles (C3). 

Other vehicle types such as motorcycles are not included here. The reason for this is that the other 
vehicle types have a very limited contribution to the year-averaged Lden and Lnight levels at EU level, 
and they are normally not included in END noise-mapping calculations. When the vehicles of 
categories C1-C3 become quieter in the future, contributions from the other vehicle types may 
become more important. 

A correction term is applied to make the Cnossos noise emission model match the Dutch and 
German modelsError! Bookmark not defined.. The correction term is 4 dB for light vehicles and 5 dB for 
medium heavy and heavy vehicles. The underestimation of road vehicle emission levels by Cnossos 
has been found also in other studies performed in the Netherlands and is partly due to a mismatch 
between the emission model and the propagation model in -Cnossos58. 

The Cnossos model contains the following emission corrections: 

- correction for quiet road surfaces, 
- correction for vehicle acceleration at crossings or other obstacles,  
- correction for studded tyres. 

The correction for quiet road surfaces depends on frequency and driving speed. The same correction 
is used in the Dutch calculation method59. To keep the methodology practical for the purpose of this 
study, the non-spectral version of the Dutch method was implementedError! Bookmark not defined.. In line 
with this, the Dutch model was also used for the correction for vehicle acceleration, which is applied 
for roads with intermittent traffic flow. The correction for studded tyres in the CNOSSOS model is 
replaced by a more general correction for quiet tyres. 

                                                      
55 See Cnossos subsection below. 
56 “Commission Directive (EU) 2015/996, of 19 May 2015, establishing common noise assessment methods according to Directive 
2002/49/EC of the European Parliament and of the Council”. Official Journal of the European Union. 19 May 2015. The annex describes the 
calculation method “Cnossos-EU” of simply “Cnossos”. 
57 The annotation C1-C3 is also used for tyres but there it covers slightly different vehicle ranges. 
58 RIVM report 2019-0023, “Amendments for CNOSSOS-EU”, Table 16.29.2. 
59 Dutch calculation methods for environmental noise: Reken- en meetvoorschrift geluid 2012 (RMG2012), Staatscourant Nr. 11810, 27 juni 
2012. For road and rail traffic noise, a non-spectral method SRM1 is described and a spectral method SRM2. 



This formulation of the vehicle emission model makes it possible to calculate the effects of the 
following noise reduction measures, for the three vehicle types: 

A) vehicle emission reductions     (propulsion noise correction) 
B) reduction by quiet tyres   (rolling noise correction) 
C) reduction by a quiet road surface (rolling noise and propulsion noise correction). 

For the vehicle emission reductions (A), six types are considered:  

1) 2015: no reduction, fleet as in 2015, 
2) 2016: reduction according to 2016 emission limits (540/2014 phase 1), 
3) 2020/22: reduction according to 2020/22 emission limits (540/2014 phase 2), 
4) 2024/26: reduction according to 2024/26 emission limits (540/2014 phase 3), 
5) hybrid vehicles: reduction of propulsion noise by 5 dB (mainly for plug-in hybrids), 

6) electric vehicles: reduction of propulsion noise by 10 dB. 

The first two vehicle groups are included as they are also in the current and future fleet until replaced. 

The values of the vehicle emission corrections LW,veh are given in Table 43, for five vehicle 
categories. The conversion to categories C1-C3 is as follows: 

 

 LW,veh(C1) = 10 log10 (0.9 10(LW,veh(car)/10) + 0.1 10(LW,veh(van)/10))    (13) 

 

 LW,veh(C2) = 10 log10 (0.1 10(LW,veh(bus)/10) + 0.9 10(LW,veh(truck)/10))   (14) 

 

 LW,veh(C3) = LW,veh(heavy truck)       (15) 

 

The reduction of tyre noise (B) is also a type of vehicle emission reduction but is included here as a 
separate reduction. It is quantified by the tyre label. The correction for tyre noise reduction is 
calculated with the following formulaError! Bookmark not defined.. 

 

 LW, tyre = (Llabel – Llabel, mean) . froad      (16) 

 

where Llabel is the tyre label, Llabel,mean is the mean tyre label (see Error! Reference source not found.), 
and froad is a factor given by 

 froad = a + b . v         (17) 

 

where v is the vehicle speed in km/h and a and b are coefficients given in Table 45 for the five road 
surface types considered in this study (see below). 

For the reductions by a quiet road surface (C), the following five road surface types are considered 
(abbreviation in the Dutch model in brackets. These surfaces are also applied in other countries): 
 

1) standard surface, dense asphalt concrete (DAB) 
2) thin top layers (DGD) 
3) porous asphalt (ZOAB) 
4) double-layer porous asphalt (ZOAB2L) 
5) double-layer porous asphalt fine (ZOABF2L). 

The emission correction is zero for road surface type 1. The correction for quiet road surfaces is 
calculated with the following formula based on the Dutch calculation methodError! Bookmark not defined.: 

 



 

 LW, surface = s + t  . log10(v/vref)       (18) 

where reference speed Vref is equal to 80, 70, and 70 km/h for vehicle categories C1-C3, respectively. 
This correction is applied both for rolling noise and propulsion noise, but for propulsion noise t=0 is 
used. The values of the coefficients s and t are given in Table 46. 

 

 

Figure 71: Implementation of the Cnossos model for this study. The final mean noise levels (Lden,urban, Lden,non-

urban, Lnight,urban, Lnight,non-urban) are used for modification of the END exposure distributions, as 
illustrated in Figure 70. 

  



Table 43: Vehicle emission corrections (propulsion noise) for six emission limits / vehicle types and five vehicle 
categories. 

Vehicle 
category 

2015 
dB 

2016 
dB 

2020/22 
dB 

2024/26 
dB 

Hybrid 
dB 

Electric 
dB 

car, C1 0 -0.186 -2.1 -4.1 -5 -10 
van, C1 0 -0.186 -2.1 -4.1 -5 -10 
bus, C2 0 0 -1.8 -2.8 -5 -10 
truck, C3 0 0 -1.8 -2.8 -5 -10 
heavy truck 
C3 

0 0 -1.5 -3.5 -5 -10 

 

Table 44: Minimum, maximum, and mean tyre labels, for tyre categories C1-C3. 

Tyre category minimum 
dB(A) 

maximum  
dB(A) 

Mean 
dB(A) 

C1 66 74 70 
C2 69 76 72 
C3 70 78 75 

 

Table 45: Coefficients a and b for the tyre noise correction, for vehicle categories C1-C3 and road surface types 
1-5 (1=Dense asphalt concrete, 2= thin top layers 3= porous asphalt 4=double-layer porous asphalt, 
5=double-layer porous asphalt fine). 

Vehicle 
category 

coefficient 1 2 3 4 5 

C1 a 
b 

0.7167 
0.000621 

1 
0 

0.4203 
-0.000690 

0.5288 
-0.000493 

1 
0 

C2 a 
b 

0.6661 
0.0008036 

0.95 
0 

0.3607 
-0.001786 

0.6 
0 

0.95 
0 

C3 a 
b 

0.6038 
0.001164 

0.9 
0 

0.2188 
0.005822 

0.7 
0 

0.9 
0 

 

Table 46: Coefficients s and t for the road surface correction60, for vehicle categories C1-C3 and road surface 
types 1-5 (1=Dense asphalt concrete, 2= thin top layers 3= porous asphalt 4=double-layer porous 
asphalt5=double-layer porous asphalt fine). 

Vehicle 
category 

coefficient 1 2 3 4 5 

C1 s 
t 

0 
0 

-3.4 
-2.5 

-1.4 
-6.5 

-4.5 
-3.0 

-6.5 
-0.1 

C2 s 
t 

0 
0 

-1.3 
0.5 

-3.1 
0.2 

-5.2 
4.7 

-5.3 
-0.8 

C3 s 
t 

0 
0 

-1.3 
0.5 

-3.1 
0.2 

-5.2 
4.7 

-5.3 
-0.8 

 
  

                                                      
60 Road surface correction terms for the Dutch road noise calculation method 2012  



 

4.4 Baseline scenario 
The baseline scenario (Business as Usual, BAU) is defined by the situation for road traffic noise in 
2017-2020, and its autonomous development in the period until 2045. Traffic growth, if sufficiently 
large and continuous, can increase the health burden and in some cases cancel out the effects of 
noise abatement efforts. A 1% annual growth in traffic from 2020 leads to a total growth of 28% by 
2045. In general, parameters of a baseline scenario for road traffic noise are:  

- Infrastructure length/size and characteristics, 

- Traffic volume and fleet characteristics, 

- Foreseen evolution of vehicle source levels, 

- Foreseen evolution of scale and effectiveness of noise abatement solutions, 

- Population density and exposure near infrastructure, 

- Urban and rural spatial planning and land use. 

Each of these parameters change with growth of traffic, infrastructure and land use. They also can 
strongly interact with developments in other domains such air quality, safety, and energy 
consumption.   

The average numbers of exposed people and exposure levels for each road type are set out in Figure 
72. These are based on the input parameters and model described in the previous section. The 
evolution of the vehicle fleet and its percentages of vehicles that fulfil each sound limit phase is 
shown in Table 47. Also the assumed average tyre labels and road lengths are set out in this table. 

In this analysis, the baseline scenario includes forecasts from the EC reference scenario61. The 
developments in the baseline scenario reflect existing noise reduction solutions based on existing 
legislation (whereas additional noise reduction solutions are considered as elements of alternative 
scenarios). The annual traffic growth of 1% is based on EU growth figuresError! Bookmark not defined. for 
passenger and freight road traffic.  

The 2016 EU reference scenarioError! Bookmark not defined. forecasts the following percentages for hybrid 
and electric vehicles in 2030: 25% hybrid and 2% electric. From a more recent EC document62 and 
communication with the EC63, the following values were derived: 

- cars 

o Hybrid 6% in 2030 

o Electric 14% in 2030 

- vans 

o Hybrid 6% in 2030 

o Electric 8% in 2030. 

- buses 
o Hybrid 7% in 2030 

o Electric 18% in 2030. 

- trucks (heavy goods) 

o Hybrid 16% in 2030 

o Electric 1% in 2030. 

                                                      
61 “EU reference scenario 2016 energy, transport and GHG emissions trends to 2050”, See: 
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf 
62 EC document 2020, “Investing in a climate-neutral future for the benefit of our people”, https://eur-lex.europa.eu/legal-
ontent/EN/TXT/HTML/?uri=CELEX:52020SC0176&from=EN 
63 Email from Marco Paviotti DG Environment, 8 October 2020 



These new values were used here and were linearly extrapolated to 2045, assuming zero values in 
2020 as an approximation (in 2018 there were 0.8% hybrid and 0.2% electric in the EU64). In addition, 
the expected development of the EU population is taken into account in the baseline scenario. A total 
EU population of 445 million in 2017 is assumed (excluding UK). It is assumed that 75% live in urban 
areas65. A value of 0.1% is assumed for annual population growthError! Bookmark not defined.. 

For this analysis it is assumed that the average lifetime of a vehicle is 12 (passenger cars, vans & 
busses) -13 (trucks) years,66 whereas the average lifetime of a tyre is between 3 (trucks) and 4 (light 
vehicles) years for all vehicle categories. For the baseline scenario no reductions for tyre noise are 
foreseen in this period upto 2045.   

 

 

Figure 72: Exposure data for the baseline scenario. Top: millions exposed along road types 1 to 8 
(most are near standard surface roads without barriers); middle and bottom: average 
Lden and Lnight exposure levels per road type and averages for urban/non-urban. 

 

 

 

 

 

Table 47: Emission model parameters for the baseline scenario (bars = 2045) and ‘numbers (millions)’ 
in the upper graph indicates the amount of people living in the vicinity of this road type. 

  
Percentage compliance with vehicle emission limits 

                                                      
64 European Automobile Manufacturers Association, “Vehicles in use, percentage share 2018”. 
65 “The state of European Cities 2016”. Eurostat https://ec.europa.eu/eurostat/statistics-explained/ 
66 Average vehicle lifetime can vary widely depending on type and country, see also ACEA report ‘Vehicles in use Europe’, January 2021  



 

vehicle limits 2017-2020 
vehicle             2015      2016   2020/22   2024/26    hybrid  electric 
car/C1               100         0         0         0         0         0 
van/C2               100         0         0         0         0         0 
bus/C3               100         0         0         0         0         0 
truck/C3             100         0         0         0         0         0 
heavy truck/C3       100         0         0         0         0         0 
 
vehicle limits 2035 
vehicle             2015      2016   2020/22   2024/26    hybrid  electric 
car/C1                 0         0         0        50        15        35 
van/C2                 0         0         0        65        15        20 
bus/C3                 0         0         0        37        18        45 
truck/C3               0         0         0        57        40         3 
heavy truck/C3         0         0         0        57        40         3 
Tyre label 
tyre label 2017-2020   tyre label 2045 
C1    70    C1    70 
C2    72    C2    72 
C3    75   C3    75  
Traffic growth 
annual traffic growth percentage 2017-2045:    1.0 
Road lengths 
roads 2017-2020  
     1-2     3-4       5       6       7       867 
  965652  199796   94118    3824   34141 1517922    km inhabited road length 
     250     500     500    1000      50      20    inhabitants per km 
       0       0    4706     191    1707   75896    km barrier 
       0       0    4706     191    1707   75896    km quiet road length 
       1       1       2       2       3       368    type quiet road surface 
 
roads 2045  
     1-2     3-4       5       6       7       8 
  965652  199796   94118    3824   34141 1517922    km inhabited road length 
     250     500     500    1000      50      20    inhabitants per km 
       0       0    4706     191    1707   75896    km barrier 
       0       0    4706     191    1707   75896    km quiet road length 
       1       1       2       2       3       3    type quiet road surface 

 

 

4.5 Inputs for the analysis 
In choosing potential scenarios, the results of the survey, literature review and stakeholder feedback 
and findings from the tests were considered.  
 

Inputs from the feedback gathering and survey 

From the feedback gathering and survey in chapter 2, there is a general recognition that road traffic 
noise needs to be reduced. It is also clear that there are various solutions to do this, applicable at 
local level, such as quiet road surfaces, traffic management, urban, infrastructure and land use 
planning and barriers. Noise limits for road vehicles, which are the focus of this study, are also a key 
instrument to help achieve this goal, having a potentially EU-wide effect. These are agreed to be a 
means to achieve real world noise reduction, but improvements to the test methods and enforcement 
are also required, and technical limitations need to be considered. The analysis of the KBA and RDW 
databases (see chapter 2) showed that there is still some room for tighter limits. One limiting factor 
mentioned is the AVAS requirement (UNECE R138), which effectively sets a minimum sound limit 
of 66 dB(A) for electric vehicles at speeds upto 20 km/h. 

Literature review  

From the literature review in chapter 2 it was demonstrated that a variety of limit proposals have 
been made in the past, and that these can be based on different views on available data and ambition 
levels. The analysis of type test databases (RDW/KBA) showed that there is some scope for further 
                                                      
67 The eight road types were defined before as follows: 1-2 = urban residential, 3-4 = urban main, 5 = urban arterial, 6 = urban motorway, 7 = 
nonurban motorway, 8 = nonurban main. 
68 The five road surface types were defined before as follows: 1 = dense asphalt concrete, 2 = thin top layers, 3 = porous asphalt, 4 = double-
layer porous asphalt, 5 = double-layer porous asphalt fine. 



reduction, as some vehicle groups already fulfil the phase 3 limits in the current Regulation (EU) No. 
540/2014. Two potential limit change options are set out in table 26. But given the limitations of the 
Lurban quantity, stronger effect is to be expected from limiting LWOT in addition as required in UNECE 
R41.04 for motorcycles, and stricter and more comprehensive ASEP requirements.  

Inputs from the test program 

Based on the results from the test programme described in chapter 3, the following is relevant for 
the further analysis. 

For the WOTacceleration tests, all of the tested vehicles fulfilled the limits, most with some margin. 
The tyre noise was in all cases lower than the powertrain noise on the test track (which will be higher 
on most normal roads). 

Lurban tends to weight the tyre noise higher relative to powertrain noise, because the constant speed 
tests are dominated by tyre noise. Some of the tested vehicles can produce higher noise levels in 
certain conditions not covered by the type approval specifications, some significantly so. The test 
programme illustrated that the current procedure allows many cars to pass the test even with high 
powertrain sound levels. This justifies the need for both limiting of LWOT levels and improved testing 
conditions.  

The noise source ranking from the test programme confirms the potentially high contribution from 
powertrain noise under some conditions, especially from engine and intake and exhaust noise 
(ranking depending on vehicle type and category, as shown in Chapter 3). 

 

4.6 Scenarios 
Based on the above findings several scenarios are proposed that take into account potential limit 
changes, including specifically LWOT limits, an improved pass-by test and including potentially tighter 
tyre noise limits. Although tyre limits are not the focus of this study, they are relevant for future vehicle 
noise levels, both in the vehicle type test and in normal road conditions. The scenarios are set out in 
Table 48. 

From the database analyses in section 2.4 it was concluded that on average for most M1 category 
vehicles already more than 50% fulfil the Phase 3 limit. Depending on the category between about 
10 – 40% are already 1 dB or more below this Phase 3 limit. This is incorporated in scenario A, while 
scenario B will require additional R&D effort for the larger vehicles beyond fulfilling the Phase 3 limit. 
For these scenarios it is assumed that the stricter limits could take effect after 2026 and be fully 
implemented in 2030.  

Scenario C will mainly affect M3 and N3 vehicles in a similar way as scenario B and D. However, 
scenario D will also influence the powertrain noise of other vehicle categories and therefore have 
some effect on the Lurban of light vehicles as well, although only to a limited extent since the powertrain 
noise contribution to the Lurban is also limited for most light vehicles. Here, the net effect is assumed 
to be 1 dB. The noise reduction is assumed to be 3 dB for N3/M3 vehicles, similar to scenario C. A 
possible start of implementation could be 2026, as in scenario A and B. 

From the tests conducted in this study it was concluded that the current test still allows noisy 
operation modes for accelerating vehicles. Therefore, scenario E aims to reduce the powertrain noise 
for a wide operating range, both in terms of vehicle speed and acceleration. As a scenario it is 
assumed that the contribution of the powertrain noise to the overall noise level could be reduced by 
2 dB for real traffic conditions at speeds for which it is relevant. To achieve this, it is assumed that at 
least 3 dB reduction of the powertrain noise contribution (LWOT) is required by means of an 
improvement to the current acceleration test, given the relatively low acceleration levels. Currently 
for sports range vehicles, still extremely loud operating modes are possible without any influence on 
the ASEP result.  

 

  



 

Table 48: Baseline and alternative scenarios for vehicle noise limit changes including the effects of test method 
quantities and tyre noise. 

 Scenario Explanation 
0 Baseline Vehicle limits as foreseen in Regulation (EU) No.  540/2014 and 

tyre limits as in Regulation (EU) No. 2016/1350 stage 2. 
A Available limit 

space 
Adjust limits to space found in the type test databases, after Phase 
3 
• Passenger cars: -1 dB(A) 
• Vans: -1 dB(A) 
• Busses & Lorries: -1 dB(A) 
• Heavy trucks: -1 dB(A) 

B Targeted limit 
tightening 

Same as scenario A but with tighter limits for lorries/trucks/buses 
after phase 3  
• Passenger cars: -1 dB(A) 
• Vans: -1 dB(A) 
• Busses & Lorries: -2 dB(A) 
• Heavy trucks: -2 dB(A) 

C 75 dB(A) cap A cap at 75 dB(A) affecting LWOT limits for M3 / N3 vehicles by 3 
dB. 

D LWOT restrictions Stricter limits on LWOT for all vehicles by 2030, and reducing 
engine noise and thus reduced noise in intermittent traffic. 

E Improved pass-by 
test 

An improved, wide range pass-by test should better represent the 
acceleration levels and driving conditions producing powertrain 
noise, resulting effectively in a 2 dB reduction of powertrain noise in 
real traffic conditions (without changing the Lurban limits). 

F Quieter tyres Tighter tyre noise limits by 3 dB 
AF Available limit 

space and new tyre 
limits 

Scenario A and F combined 

BF Targeted limits and 
new tyre limits 

Scenario B and F combined 

AE Available limit 
space and 
improved test 

Scenario A and E combined 

BE Targeted limits and 
improved test 

Scenario B and E combined 

DE LWOT restrictions 
and improved test 

Scenario D and E combined 

EF ASEP extension 
and quieter tyres 

Scenario E and F combined 

 

Assessment of most common and popular tyres on the market, shows that currently about 10 – 20% 
already have an A-label (M1), meaning that they are already 3 dB or more below the Stage 2 limit 
value. A recent Swiss study69  also considers 3.5 dB reduction as a realistic scenario. The number 
of tyres with a noise level of 4 dB (or more) below this limit is very limited. Therefore, 3 dB tighter 
tyre noise limits for all three tyre label categories are used as a possible scenario to identify the 
possibilities and effects of such a noise reduction measure, starting in 2022. With the average lifetime 
of a tyre between 3 – 4 years, this reduction should be fully implemented in 2026.  

Based on the model and year of start the additional costs for implementation of the different scenarios 
are shown in Figure 73. The distinction between R&D costs prior to implementation and annual costs 
at the start of production can be made. For completeness, also the costs for quieter tyres (scenario 
F and combinations with other scenarios) are included here as a constant, annual cost distribution.  

 

 
 
 

                                                      
69 E. Hammer, E. Bühlmann, The noise reduction potential of “silent tyres” on common road surfaces 
Grolimund + Partner AG, Bern, Switzerland, Proceedings Euronoise 2018, Crete. 



 

4.7 Scenario Analysis 
The scenario analysis follows the methodology described in section 4.3. Firstly, the costs and 
benefits for each scenario are set out, followed by the health burden reductions and the benefit-to-
cost ratios. It should be emphasised that the benefits shown are relative to the already foreseen 
Phase 3 limits, and traffic growth is also taken into account. 

The costs are shown for each scenario, per annum in Figure 73 and cumulatively in Figure 74. These 
are based on the cost models described previously and the limit reductions for each scenario. They 
include the costs for quieter tyres in the scenarios concerned. The peak in costs occurs at the 
introduction of new limits and gradually diminishes over time. 

 

 

Figure 73: Annual R&D and production costs per scenario, including the costs for quieter tyres. 

 

Figure 74: Cumulative R&D and production costs per scenario, including the costs for quieter tyres. 

 

 



 

The health benefits of each scenario are set out in Figure 75: Annual health benefits per scenario: 
left for method 1, right for method 2. per annum and in Figure 76 cumulatively. The two methods give 
a substantial difference in the benefits. The highest curves are those including quieter tyres. 

 

  

Figure 75: Annual health benefits per scenario: left for method 1, right for method 2. 

 

 

 

Figure 76: Cumulative health benefits per scenario: left for method 1, right for method 2. 

 

 

 

 

 

The benefits are based on the reduction on noise levels along roads, calculated with the 
environmental noise model. The noise levels LDEN and LNight averaged over the different road types 



and their reductions for each scenario are set out in Table 49 for urban and non-urban roads. The 
largest reductions are found for the combined scenarios where tyre noise reduction is included. 

Table 49: Lden and Lnight values in dB(A) and reductions for the baseline and alternative scenarios (in dB). 

 

Scenario  

Lden Lnight Lden Lnight 

Urban Non-urban Urban Non-urban Urban Non-urban Urban Non-urban 

0. Baseline 59.4 67.2 50.8 58.5 - - - - 

A. Available limit space 59.1 67.1 50.5 58.4 -0.3 -0.1 -0.3 -0.1 

B. Targeted tightening 59.0 67.0 50.4 58.4 -0.4 -0.1 -0.5 -0.2 

C. 75 dB(A) cap 59.1 67.0 50.4 58.4 -0.3 -0.1 -0.4 -0.1 

D. LWOT restrictions 59.2 67.1 50.5 58.4 -0.2 -0.1 -0.3 -0.1 

E. Improved test 59.0 67.0 50.3 58.4 -0.5 -0.1 -0.5 -0.2 

F. Quieter tyres - 3dB 57.9 65.2 49.4 56.6 -1.5 -1.9 -1.5 -1.9 

Scenario A & F 57.5 65.1 48.9 56.4 -1.9 -2.1 -1.9 -2.1 

Scenario B & F 57.3 65.0 48.7 56.3 -2.1 -2.2 -2.2 -2.2 

Scenario A & E 59.0 67.0 50.3 58.4 -0.5 -0.1 -0.5 -0.2 

Scenario B & E 58.8 67.0 50.2 58.3 -0.6 -0.2 -0.7 -0.2 

Scenario D & E 59.0 67.0 50.3 58.4 -0.5 -0.1 -0.5 -0.2 

Scenario E & F 57.3 65.0 48.7 56.4 -2.2 -2.2 -2.1 -2.2 

 

The subsequent health burden reductions in 2045 for each scenario are shown in   



 

Table 50. These are expressed in percentages reduction for the quantities highly annoyed, highly 
sleep disturbed, DALYs, and in Euros for method 1 and method 2. These reductions show broadly 
similar results for the different indicators.  

The combined scenarios EF, BF and AF have the largest reduction in health burden, followed by 
single scenario F for quieter tyres, E improved test and B targeted limits. 

The benefit-to-cost ratio (BCR) over the period until 2045, net present value and break-even year 
are set out in table 53, for valuation methods 1 and 2. The highest BCRs are found for F quieter 
tyres, followed by combined scenarios AF, BF and EF. The reason for the different order from health 
burden reduction is the inclusion of costs and benefits, and the factor of time, in particular when costs 
are incurred and for how long, and how quickly benefits occur after introduction of new limits. 

Both the health burden reductions and BCR are shown graphically in Figure 77. 

 

 

 

 

 

  



Table 50: Percentage health burden reduction in 2045 for the alternative scenarios in terms of Highly 
Annoyed (HA), High Sleep disturbance (HSD), Disability Adjusted Life Years (DALY) and Euro 

(Method 1 & 2). 

Scenario 

Percentage health burden reduction 2045 

HA HSD DALY Euro method 1 Euro method 2 

A. Available limit space 2.5 2.6 2.6 3.2 2.5 

B. Targeted tightening 3.3 3.6 3.5 4.2 3.4 

C. 75 dB(A) cap 2.9 3.3 3.2 3.7 3.0 

D. LWOT restrictions 2.1 2.2 2.2 2.7 2.1 

E. Improved test 3.9 3.7 3.8 5.0 3.8 

F. Quieter tyres - 3dB 14.1 12.1 13.0 17.9 13.0 

Scenario A & F 17.5 15.6 16.5 22.1 16.3 

Scenario B & F 19.3 17.5 18.4 24.3 18.2 

Scenario A & E 3.8 3.6 3.7 4.8 3.7 

Scenario B & E 5.2 5.1 5.2 6.6 5.1 

Scenario D & E 3.9 3.7 3.8 5.0 3.8 

Scenario E & F 19.4 17.2 18.2 24.5 18.1 

Table 51: Cost-benefit for the alternative scenarios in terms of Benefit-to-cost ratio (BCR), Net Present Values 
(NPV), year of break-even for both Method 1 & 2. 

Scenario 

Cost-benefit analysis 2017 - 2045 

Cumulative 
costs  

(Billion 
Euro) 

Cumulativ
e benefits 

(Billion 
Euro)  

Cumulativ
e benefits 

(Billion 
Euro)  

BCR NPV (Billion Euro) Break-even 

 method  
1 

method  
2 

method 
1 

method 
2 

method 
1 

method 
2 

method 
1 

method 
2 

A. Available limit space 1.5 8.6 1.6 5.8 1.1 7.1 0.2 2033 2045 

B. Targeted tightening 1.9 11.6 2.2 6.2 1.2 9.7 0.4 2033 2044 

C. 75 dB(A) cap 1.5 10.4 2.1 7.1 1.4 8.9 0.6 2032 2042 

D. LWOT restrictions 3.5 7.3 1.4 2.1 0.4 3.9 -2.1 2039 - 

E. Improved test 4.4 14.3 2.7 3.3 0.6 9.9 -1.7 2036 - 

F. Quieter tyres - 3dB 2.5 115.0 20.1 46.5 8.1 112.5 17.6 2023 2024 

Scenario A & F 4.2 125.6 22.2 29.8 5.3 121.4 18 2023 2026 

Scenario B & F 4.6 130.5 23.2 28.3 5.0 125.9 18.6 2023 2026 

Scenario A & E 5.2 14.1 2.6 2.7 0.5 8.9 -2.6 2037 - 

Scenario B & E 5.6 18.1 3.4 3.2 0.6 12.5 -2.2 2037 - 

Scenario D & E 5.6 14.3 2.7 2.5 0.5 8.6 -3 2038 - 

Scenario E & F 7.6 133.2 23.6 17.6 3.1 125.6 16 2023 2031 

 

 



 

 

Figure 77 Health burden reduction in 2045 and benefit-to-cost ratio (BCR) for the period 2017 – 2045  
for each vehicle noise reduction scenario. 

 

From this figure it can be seen that quieter tyres are very effective to reduce the health burden 
by 12-19%, which is the main quantity considered here. This single scenario also has a high benefit-
to-cost ratio, as the costs of quieter tyres are limited compared to powertrain noise reduction.  

Besides this, reduction of tyre noise in terms of tighter limits and thus type approval values will directly 
influence the real traffic noise exposure over the whole period considered, whereas powertrain noise 
reduction following the current test method is only partially reflected in real traffic noise. 
Consequently, also the combinations of tyre noise reduction with other scenarios are very effective. 

In Figure 77 it can also be seen that the next most effective single scenario in terms of health 
effects is ‘E Improved test’ by 4-5%, closely followed by ‘B targeted tightening’ at 3-4% 
reduction. However, the effects of powertrain reduction measures are all significantly smaller than 
tyre noise reduction, mainly due to the definition of the baseline scenario with 15–35% hybrid and 
electric vehicles in 2045 and the higher contribution of free-flowing traffic in the CBA. For the same 
reason, the effect of electrification (scenario C and D) is relatively small. It affects only the powertrain 
noise, while rolling noise dominates the global noise exposure, except at low speed. For the 
combined scenarios, EF results in a health burden reduction between 17 to 25%, followed by 
BF with 17 to 24% and AF with 16 to 22% reduction. 

In terms of the benefit-to-cost ratio, the best combined scenarios are BF and AF, followed by EF. For 
the single scenarios, again F is the highest, followed by C, B and A. 

The BCR values below 1 are mainly for method 2 for scenarios D, E, AE, BE and DE, indicating the 
importance to include quieter tyres for real reductions in traffic noise. 

Given the potential spread in results as illustrated by the outcomes of method 1 and 2, it should be 
considered that the single scenarios A,B,C,D and E have health burden reductions of similar 
magnitude. Once tyre limits are included, these increase significantly. 

Although not visible in the health burden reduction numbers and this CBA, the improved test 
scenario (E) and any other scenarios that affect powertrain noise should also reduce peak 



and intermittent noise levels in urban areas that are perceived as annoying, irrespective of 
tyre noise. 

 

Exposure distributions and health burden per scenario 

The changes in exposure distributions between 2017 and 2045, which are used to calculate the 
change in health burden, are shown for the baseline scenario and as an example, for the improved 
test scenario in Figure 78. The health burden of both the urban and non-urban situation for the 
baseline and improved test scenario are shown in Figure 79. The annual costs and benefits for this 
scenario are shown in Figure 80. Similar figures for all the scenarios, are shown in Annex V. 

  



 

 

 

 

Figure 78: Exposure distributions for the years 2017 and 2045 for the baseline (upper), and Improved test 
(lower) scenario: Lden and Lnight for both urban and non-urban roads. The Lden reduction is 

indicated on the right of the figures. 

  



 

 

Figure 79: Health burden for the baseline scenario (upper) and Improved test (lower) scenarios, for the two 
methods and for urban and non-urban roads: top: expressed in Euros, middle: expressed in 

numbers of highly annoyed, highly sleep disturbed and myocardial infarctions, bottom: 
expressed in DALYS (disability life years lost). 



 

 

Figure 80: Annual costs and benefits for methods 1 and 2, for scenario E Improved test. 

 
 
  



5 Proposal for phase 4 limit values 

5.1 Introduction 
Since the phase 2 limit values of Regulation (EU) No. 540/2014 are already in force since 1 July 
2020 for new vehicle types and will come into force 1 July 2022 for first vehicle registrations and 
since the phase 3 limit values will come into force four years after the dates mentioned before it is 
proposed to keep the phase 3 limit values unchanged because this time period will be too short for 
another tightening of the phase 3 limits.   

Consequently, possible further limit value reductions should be discussed in the frame of a 4th phase 
to be added to the Regulation. In this context technical entities and mainly manufacturers expressed 
significant concerns about further lowering of the sound emission limits in their answers to the 
questionnaire, as this measure alone is not considered sufficient and efficient enough, if not 
combined with accompanying measures. For some vehicle categories it is not considered feasible 
to reduce the sound emission level limits at all, because of technical limitations. 

On the other hand, combining the findings from stakeholder survey and literature review, it is not 
unrealistic to conclude that there is room for improvement (i.e. to achieve lower sound emission limit 
values). In particular, the analysis of the KBA and RDW databases for M- and N-category vehicles, 
which contain type approval values of recently type-approved vehicles, reveal that there are already 
vehicles type approved with lower sound emission values than the regulatory sound emission level 
limits and in some cases lower than future limit values (phase 3 limits of Regulation (EU) No. 
540/2014). 

The most important result from the CBA (see chapter Error! Reference source not found.) is that 
a further reduction of tyre limits (scenario F) is much more beneficial than further reductions of vehicle 
noise limits (Table 49 and Table 50). The percentage health burden reduction in 2045 is about 5 
times higher for scenario F compared to the average of scenarios A to D. But scenario F is out of the 
scope of this study and thus cannot be considered here. Scenario E (improvements of the ASEP 
requirements) is a bit more effective than scenarios A to D, but its implementation would also require 
an extension of the scope of this study and more effort than limit value reductions according to 
scenarios A to D. Therefore, this scenario is also not considered here.  

And since the differences between the scenarios A to D are not so big, the potential for limit changes 
is assessed in the following sections, based on the KBA and RDW database analyses, which are in 
line with the CBA scenarios A and B.  

But this discussion needs to be conducted vehicle subcategory specific. 

 

5.2 M1 vehicles 
M1 vehicles are divided into the following subcategories according to Regulation (EU) No. 
540/2014:  

1. power to mass ratio ≤ 120 kW/1000 kg, 

2. 120 kW/1000 kg < power to mass ratio ≤ 160 kW/1000 kg, 

3. 160 kW/1000 kg < power to mass ratio, 

4. power to mass ratio > 200 kW/1000 kg number of seats ≤ 4 R point of driver seat ≤ 450 
mm from the ground 

Figure 81 shows the power to mass ratio distribution of M1 vehicles with ICE in the Dutch vehicle 
stock. The situation in other EU member states is similar. The biggest part of the vehicles (98.6%) 
belongs to subcategory 1. Subcategory 2 contains 0.9% of the vehicles, the remaining 0.5% 
account for subcategory 3 (0.3%) and subcategory 4 (0.2%).  



 

 

Figure 81: Power to mass ratio distribution of M1 vehicles with ICE in the Dutch vehicle stock. 

 

The main pillar for proposals for further limit value reductions for the type approval test is the type 
approval database. Two databases could be examined for the analysis, the KBA database which 
contains approval data of vehicle types for the approval years from 2002 to 2019 together with 
technical data such as engine capacity, rated power gross vehicle mass and the sound levels for the 
vehicle in motion (Lurban) and the stationary vehicle. This database is publicly available for a certain 
purchase fee, so that it is possible to refer to vehicles with their brand names. Unfortunately, this 
database contains no information of the mass in running order which is required for the power to 
mass ratio (pmr) calculation as basis for the subcategorization of M1 vehicles. The LWOT levels are 
also not included for M1 vehicles, making it harder to assess the propulsion noise contribution. 

But it does contain sound levels for pure electric vehicles (PEV); these are not or only for a low 
percentage of all vehicles included in the second database established by RDW (see References, 
Type Approval Databases, KBA databaseError! Reference source not found.). This database, on 
the other hand, contains the mass in running order and represents the vehicle stock in the 
Netherlands, which means that it provides information of the number of vehicles of a certain vehicle 
type in the Dutch vehicle fleet in addition to the type approval data. But in the context of the discussion 
about limit value reductions the number of types is more important than the number of vehicles per 
type. And in contrast to the KBA database this database contains the first registration date of the 
particular vehicle, but not the type approval date for the vehicle type. And this database is also 
publicly available (see References, Type Approval Databases, RDW database. 
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Table 52: RDW database subcategories with and without or questionable type approval levels. 

 

An internal comparative analysis showed that both databases deliver the same information apart 
from these differences. 

M1 vehicles with power to mass ratio ≤ 120 kW / 1000 kg 

With respect to the frequency distributions of the type approval results for the vehicle in motion (Lurban) 
both databases show the trend to lower Lurban values with increasing vehicle registration or type 
approval registration year. Since the RDW database contains the mass in running order and thus the 
required pmr values for the subcategorization of M1 vehicles, the Lurban frequency distribution 
analysis results of this database are shown in the following. 

Figure 82 shows the Lurban frequency distributions for M1 vehicles with pmr values up to 120 
kW/1000 kg for different registration years from 2016 to > 2018. Since the database is not complete 
with regard to the registration year 2020, 2019 and 2020 were put together in the class >2018. Earlier 
years than 2016 were not considered in order to make sure that the tyres for the vehicles had to 
comply with the stage 2 limit values of UNECE Regulation No. 117. 

 

 

subcategories vehcat fuel_type fuel_type2
no or 

questionable 
Ltype

reliable 
Ltype

sum
no or 

questionable 
Ltype

reliable 
Ltype

Petrol M1 Benzine 2,862,062 4,707,187 7,569,249 37.8% 62.2%
Petrol Hybrids M1 Benzine Elektriciteit 43,672 135,573 179,245 24.4% 75.6%
LPG M1 Benzine LPG 23,791 74,880 98,671 24.1% 75.9%
Diesel M1 Diesel 720,513 790,517 1,511,030 47.7% 52.3%
Diesel Hybrids M1 Diesel Elektriciteit 15,794 7,733 23,527 67.1% 32.9%
PEV M1 Elektriciteit 90,984 23,989 114,973 79.1% 20.9%
PEV range extender M1 Elektriciteit Benzine 133,448 1 133,449 100.0% 0.0%
Rest 41,755 22,124 63,879 65.4% 34.6%
Totals 3,932,019 5,762,004 9,694,023 40.6% 59.4%
PEV + range extender 224,432 23,990 248,422 90.3% 9.7%
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Figure 82: Lurban frequency distributions for M1 vehicles with pmr values up to 120 kW/1000 kg for different 
registration years 

The trend to lower Lurban values with increasing vehicle registration year can clearly be seen. The 
50% percentile for 2016 is a bit more than 70 dB(A), for 2017 it is 69.6 dB(A), for 2018 it is 69 dB(A) 
and for >2018 it is 68.4 dB(A). This is at least partly caused by the fact that the phase 2 limit values 
of Regulation (EU) No. 540/2014 for new vehicle types came into force at 1 July 2020. 

For the registration year class >2018 additional distribution curves are shown for pmr <= 60 kW/1000 
kg and 60 kW/1000 kg < pmr <= 120 kW/1000 kg. Interestingly enough, the Lurban values for the lower 
pmr class are higher than for the higher pmr class (50% percentiles 68.9 dB versus 68.1 dB). And 
this fact is confirmed by a corresponding comparison of data in the KBA database for the approval 
years >2018. With this result the subcategorisation based on pmr boundaries could be questioned. 

Already 45% of the vehicle types in the Dutch stock are compliant with the phase 3 limit values of 
Regulation (EU) No. 540/2014 according to Figure 82. And 12.7% of the vehicle types would comply 
to a limit value of 66 dB(A) as candidate for a 4th phase to be added to Regulation (EU) No. 540/2014 
beyond 2030. Interestingly enough, the database contains two vehicle types with Lurban = 63 dB(A), 
and one vehicle type each for Lurban = 62 and 61 dB(A). 

But one should be careful with the interpretation of such extreme values. Table 53 shows 
manufacturers and number of their vehicle types with Lurban <= 66 dB(A) in the RDW database with 
registration years >2018. But one has to take into account that these low values are dedicated to 
special versions of a vehicle type family. In most cases other versions of these vehicle types with 
Lurban <= 66 dB(A) have higher type approval values. An extreme example is shown in Table 54 in 
which type approval values from the RDW database for different types of the BMW 320i model are 
listed, all with the same engine and registered after 2018. The differences in mass in running order 
and pmr cannot explain the high Lurban range from 63 to 70 dB(A). Also differences in the transmission 
that are not included in the database could not be responsible. This situation is unsatisfactory but 
further clarification would have required measures and resources beyond the scope and the financial 
frame of this study. 

 

 

 



Table 53: Manufacturers and number of their vehicle types with Lurban <= 66 dB(A) in the RDW database 
with registration years >2018. 

  

 

Table 54: Type approval values in the RDW database for different types of the BMW 320i model registered 
after 2018. 

 

 

These results show that proposals for lower limit values could not only be based on the Lurban 
frequency distributions if other versions of a vehicle model would be far above the proposed limit. 
This situation is similar for other manufacturers and vehicle models. 

From the test results performed in this study on a selection of vehicles as described in chapter 3 it 
can be concluded that a further reduction of the limit values for the vehicle in motion within the vehicle 
type approval procedure will require more silent tyres, because the Lurban values are significantly 
influenced by the constant speed test whose results are close to the rolling sound levels of the 
vehicles. This statement is supported by the type approval level distributions shown in Figure 83 for 
ignition combustion engine vehicles, hybrid vehicles and pure electric vehicles (PEV) type approved 
in 2019. The distribution curve for PEV clearly shows the limitation for a further reduction of the 

Manufacturer
Number of vehicle 
types with Lurban 

<= 66 dB(A)
Alfa Romeo 2
Audi 29
BMW 25
Citroen 2
Fiat 6
Ford 21
Honda 2
Jeep 5
Maserati 1
Mazda 14
Mercedes-Benz 4
Mini 4
Mitsubishi 2
Nissan 5
Opel 43
Peugeot 7
Renault 10
Seat 51
Skoda 1
Subaru 1
Suzuki 4
Toyota 1
Volkswagen 26
Volvo 3

manufacturer brandname
fuel 
type

no of 
cylinders

eng capacity 
in cm³

GVM in 
kg

MRO in 
kg

pmr in 
kW/t

rated power 
in kW

Lurban in 
dB(A)

Lstat in 
dB(A)

BMW 320I petrol 4 1998 2170 1675 80.6 135 63 82
BMW 320I petrol 4 1998 2071 1562 86.5 135 64 86
BMW 320I petrol 4 1998 2055 1548 87.2 135 66 81
BMW 320I petrol 4 1998 2050 1525 88.5 135 68 92
BMW 320I petrol 4 1998 2123 1608 84.0 135 70 84



 

vehicle type approval sound limit beyond phase 3. 50% of the PEV types need to be improved to 
achieve the phase 3 limits and require improvements on the sound emission of the tyres. 

 

 

Figure 83: Comparison of the type approval level distributions (Lurban) for ignition combustion engine vehicles, 
hybrid vehicles and pure electric vehicles (PEV) type approved in 2019 

 

Such tyres can be found on the tyre market. But without lower tyre sound limits as side condition for 
lower vehicle sound emission limits the following situation would arise:  

A vehicle that would only fulfil lower type approval sound limits with the quietest tyres on the current 
market, would exceed the lower limits and would also be louder in real traffic if equipped with louder 
but legal tyres once the OEM tyres need to be replaced. 

In order to avoid such a situation, it is recommended to lower the tyre sound limits first before a 
further lowering of the Lurban limits for this M1 subcategory (pmr <= 120 kW/1000 kg) could be 
proposed in a second step. This recommendation is supported by the CBA results from chapter 4. 
These results show that the benefit for a lowering of the tyre limits is much higher than a further 
lowering of the Lurban limits for vehicle types (see Figure 77 

If this situation is not an issue a further limit value reduction of 1 dB(A) to 67 dB(A) for a 4th phase 
starting 4 years after phase 3 could also be discussed. 

Therefore, two options are proposed for the future update of the limit values of this subcategory with 
preference for option a): 

a) no further limit value reduction prior to a limit value reduction for tyres, 

b) a further limit value reduction of 1 dB(A) to 67 dB(A) for a 4th phase starting 4 years after 
phase 3. 

In addition to that, the footnote (1) in the M1 limit value table in Regulation (EU) No. 540/2014 - “M1 
vehicles derived from N1 vehicles: M1 vehicles with an R point > 850 mm from the ground and a 
total permissible laden mass more than 2 500 kg have to fulfil the limit values of N1 (2 500 kg < mass 
≤ 3 500 kg)” - should be kept. 
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M1 vehicles with 120 kW/1000 kg < power to mass ratio ≤ 160 kW/1000 kg 

M1 vehicles with 120 kW/1000 kg < power to mass ratio ≤ 160 kW/1000 kg account for just under 
1% of all M1 vehicles. The Lurban frequency distributions for these vehicle types for different 
registration years from the RDW database are shown in Figure 84. The registration year trend is the 
same as for M1 vehicle types in the previous subcategory, but the 50% percentile values are 1.2 
dB(A) higher. 

 

 

Figure 84: Lurban frequency distributions for M1 vehicles with 120 kW/1000 kg < pmr <= 160 kW/1000 kg for 
different registration years 

 

Two vehicles of this subcategory could be included in the vehicle test task whose results are 
described in chapter 3: A roadster with manual transmission and a compact hybrid car with automatic 
transmission. Their test results are quite similar to the test results of the three vehicles belonging to 
the pmr <= 120 kW/1000 kg subcategory. The roadster almost fulfils the phase 3 limit value, the Lurban 
value of the compact hybrid vehicle is already below the phase 3 limit value. The 1 dB(A) higher 
limits of this subcategory compared to the pmr <= 120 kW/1000 kg subcategory are historical and 
can hardly be supported by technical reasons.  

Therefore, the following options are proposed in accordance with the previous subcategory with 
preference for option a): 

a) merge both subcategories to a new subcategory with pmr <= 160 kW/1000 kg on the basis 
of the current pmr <= 120 kW/1000 kg subcategory phase 3 limit but apply this merge 4 
years after the start of phase 3, 

b) a further limit value reduction of 1 dB(A) to 68 dB(A) for a 4th phase starting 4 years after 
phase 3 in case the limit value for the previous subcategory is reduced to 67 dB(A). 
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M1 vehicles with 160 kW/1000 kg < power to mass ratio 

Regulation (EU) No. 540/2014 differentiates two M1 subcategories with pmr > 160 kW/1000 kg: 

1. vehicles with pmr > 160 kW/1000 kg except those vehicles belonging to subcategory 2 
below, 

2. pmr > 200 kW/1000 kg, number of seats ≤ 4 and R point of driver seat ≤ 450 mm from the 
ground. 

The last requirement of the second subcategory cannot be extracted from the KBA and RDW 
databases, but it can be assumed that the majority of vehicle types with pmr > 200 kW/1000 kg 
belongs to the second subcategory. Therefore, the Lurban distributions for vehicle types with 160 
kW/1000 kg < pmr <= 200 kW/1000 kg and vehicle types with pmr > 200 kW/1000 kg were separated 
for registration years > 2018 and 2017-2018 in order to get reasonable sample sizes.  

 

 

Figure 85: Lurban frequency distributions for M1 vehicles with 160 kW/1000 kg < pmr <= 200 kW/1000 kg and 
pmr > 200 kW/1000 kg for registration years >2018 and 2017-2018 

The Lurban frequency distributions for M1 vehicles with 160 kW/1000 kg < pmr <= 200 kW/1000 kg 
and pmr > 200 kW/1000 kg for registration years >2018 and 2017-2018 are shown in Figure 85. The 
phase 2 and phase 3 limit values are inserted as lines parallel to the y-axis. The phase 2 limit value 
of 73 dB(A) for the first subcategory is already fulfilled by 88% of the vehicle types in this subcategory 
and 87% of the vehicle types in the second subcategory so that there is no reason for different limits. 
The situation for the phase 3 limit is different: Almost 61% of the vehicle types from the first 
subcategory fulfil already the limit of 71 dB(A), but only 35% of the vehicle types in the second 
subcategory. 

Therefore, it is proposed to merge both subcategories to a new subcategory “160 kW/1000 kg 
< pmr on the basis of the current 160 kW/1000 kg < pmr <= 200 kW/1000 kg subcategory phase 
3 limit values but apply this merge 4 years after the start of phase 3.  

One vehicle belonging to this subcategory was tested within this study (hot hatchback). The rated 
power was 294 kW at 5850 min-1; the vehicle was equipped with an automatic transmission that 
could be operated in the following modes: 
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1. locked gears, 2 modes, 

2. non-locked gears, sport mode 

Within this study the vehicle was tested in all 3 modes. The results with locked gears in the 2 modes 
were almost identical with Lurban = 70 dB(A), 3 dB below the homologation value. With non-locked 
gears in sport mode the acceleration always exceeded 2 m/s², so that the test results could not be 
used for the calculation of annex 3 results (Lurban). But since they were so different from the tests with 
locked gears, they should be mentioned here: Lwot = 88.9 dB(A), Lcrs = 68.5 dB(A), kp = 0.6 and Lurban 
= 76.7 dB(A). If the Lwot value would be reduced to 84.7 dB(A), which is 2.7 dB(A) above the phase 
1 limit value for a N3 vehicle with rated power > 250 kW, the vehicle would achieve a phase 1 
compliant Lurban result of 75 dB(A). 

In addition to that, ASEP tests were performed for this vehicle with locked gears. The results are 
shown in Figure 86 and Figure 87. It should be pointed out that the highest ASEP test result in 3rd 
gear (81.6 dB(A)) was within the tolerances of the ASEP requirements.  

 

 

Figure 86: ASEP test results for the hot hatchback vehicle with locked gears versus vehicle speed 
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Figure 87: ASEP test results for the hot hatchback vehicle with locked gears versus engine speed 

 

This example shows that the noise emission of such vehicles in real traffic cannot be reduced 
effectively by lowering the limit values under the current measurement conditions and ASEP 
requirements. The addition of a separate limit value for Lwot, as it was done for motorcycles, would 
also not be effective. A significant improvement of the ASEP requirements is needed and a significant 
increase of the acceleration threshold of 2 m/s² for annex 3 of UNECE Regulation No. 51. 

 

5.3 N1 vehicles 
N1 vehicles are vehicles used for the carriage of goods with a technically permissible maximum 
laden mass (TPMLM) up to 3500 kg. In Regulation (EU) No. 540/2014 N1 vehicles are subdivided 
into 2 subcategories with regard to their GVM: up to 2500 kg and above 2500 kg. The relevance of 
vehicles with GVM above 2500 kg for delivery in residential and urban areas has increased due to 
online shopping and the propulsion noise of these vehicles is of higher importance than for M1 
vehicles due to the higher relative power demand and more frequent stopping. 

The Lurban frequency distributions for N1 vehicles from the RDW database are shown in Figure 88 for 
both subcategories and registration years >2018 and 2016-2018. Corresponding distributions for M1 
vehicles with pmr <= 120 kW/1000 kg are shown for comparison. The trend towards lower Lurban 
values for vehicles registered in 2019 or 2020 compared to 2016-2018 is the same as for M1 vehicles 
and is most probably caused by the fact that new vehicle types have to fulfil phase 2 limits from 1 
July 2020 on. 

The distribution for N1 vehicles with TPMLM <= 2500 kg registered in 2019 or 2020 is almost identical 
with the corresponding M1 distribution, while the distribution for N1 vehicles with TPMLM > 2500 kg 
have 2.4 dB(A) higher values (50% percentiles). For N1 with TPMLM <= 2500 kg the phase 2 limits 
are already fulfilled for 95.6% of all vehicle types and the phase 3 limits for 69.9% of all vehicle types 
registered in 2019 and 2020. The corresponding percentages when applying the M1 limits are 80.5% 
and 45.1%.  
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From this result it could be concluded that the N1 vehicles with TPMLM <= 2500 kg could get 
the same limit as the M1 vehicles with pmr <= 120 kW/1000 kg already for phase 3. 

 

 

 

Figure 88: Lurban frequency distributions for N1 vehicles with TPMLM <= 2500 kg and TPMLM > 2500 kg for 
registration years >2018 and 2016-2018 (M1 distributions for comparison)  

 

But the vehicle from this subcategory that was tested during this study showed a 2 dB(A) higher Lurban 
value than the average of the 3 tested M1 vehicles with pmr <= 120 kW/1000 kg. Even if one 
considers that this N1 vehicle had the highest rolling sound levels at 50 km/h of all M1 and N1 
vehicles a 1 dB(A) difference would remain.  

Therefore, it is proposed to apply a phase 4 limit value of 68 dB(A), starting 4 years after the 
start of phase 3. 

For N1 vehicles with TPMLM > 2500 kg it is proposed to keep the phase 3 limit also for a 4th 
phase. 

 

5.4 M2 vehicles 
M2 vehicles are ones used for the carriage of passengers with a TPMLM up to 5000 kg. In Regulation 
(EU) No. 540/2014 M2 vehicles are subdivided into 3 subcategories with regard to their TPMLM: up 
to 2500 kg, 2500 kg < TPMLM <= 3500 kg and above 3500 kg. The latter is subdivided into 2 rated 
power subclasses, but only for phase 2, so that this does not need to be considered here. 

M2 vehicles with GVM <= 2500 kg do not exist in the databases, neither in the KBA database nor in 
the RDW database. Consequently, no proposals regarding limit values can be made. 

M2 vehicles with 2500 kg < TPMLM <= 3500 kg 

The RDW database contains only 1 vehicle, registered in 2016. The KBA database contains 6 
vehicles; all of the same type, two each for the approval years 2016, 2017 and 2018 with Lurban = 74 
dB(A); this is exactly the phase 1 limit value. But since M2 vehicles in this subcategory are 
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technically similar to N1 vehicles of the same TPMLM range it is proposed to apply the same 
limit value.  

M2 vehicles with 3500 kg < TPMLM <= 5000 kg 

35 vehicle types were found in the RDW database with rated power values between 74 and 140 kW 
and registration years between 2012 and 2020. 91 vehicles were found in the KBA database with 
rated power values between 70 and 140 kW and approval years between 2016 and 2019. The type 
approval level distributions are shown in Figure 89. Figure 90 shows the type approval levels versus 
rated power (Pn). A subdivision in Pn <= 135 kW and Pn > 135 kW is not justified and can be skipped 
in future as already made for phase 3. 

 

 

Figure 89: Type approval level distributions for M2 vehicles with 3500 kg < TPMLM <= 5000 kg from the RDW 
and KBA databases. Please note that in the figure “GVM” is used as synonym for TPMLM. 
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Figure 90: Type approval level versus rated power for M2 vehicles with 3500 kg < TPMLM <= 5000 kg from 
the RDW and KBA databases. Please note that in the figure “GVM” is used as synonym for 
TPMLM. 

One M2 vehicle with 3500 kg < TPMLM <= 5000 kg and rated power of 120 kW at 3800 min-1 was 
tested within this study. The type approval value was 74.3 dB(A) which is above the phase 2 limit of 
73 dB(A). The result is dominated by engine/exhaust and transmission sound. The tyre sound 
emission of the vehicle at the annex 3 test conditions was more than 10 dB(A) lower than the overall 
result and the tyre sound emission was lower than for the tested N1 vehicles although the M2 vehicle 
was equipped with twin tyres on the rear axle. 

With this result in mind and taking into account that only less than 30% of the vehicle types 
in the databases fulfill the phase 3 limit values and that the M2 vehicles have only a small 
share on the vehicle stock no further limit value reduction after phase 3 is proposed. 

 

5.5 M3 vehicles 
M3 vehicles are vehicles used for the carriage of passengers with a TPMLM above 5000 kg. In 
Regulation (EU) No. 540/2014 M3 vehicles are subdivided into 3 subcategories with regard to their 
rated power (Pn): 

1. Pn <= 150 kW, 

2. 150 kW < Pn <= 250 kW, 

3. Pn > 250 kW. 
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Figure 91: Type approval level distributions for M3 vehicles with Pn <= 150 kW and M2 vehicles with 3500 kg 
< TPMLM <= 5000 kg from the RDW database. Please note that in the figure “GVM” is used as 
synonym for TPMLM. 

 

M3 with Pn <= 150 kW:  

The KBA database does not contain any data for M3 vehicles with Pn <= 150 kW, but 130 vehicles 
with registration years between 2013 and 2020 are contained in the RDW database. The rated power 
values range from 105 to 140 kW and the TPMLM values from 5300 to 8160 kg. These vehicles are 
technically similar to the M2 vehicles with 3500 kg < TPMLM <= 5000 kg and N2 vehicles. Their 
importance for the whole vehicle fleet is negligible and their type approval level distribution is close 
to the distribution for the M2 subcategory mentioned in the sentence before (see Figure 91).  

Therefore, it is proposed to set a phase 4 limit value of 72 dB(A), starting 4 years after phase 
3. 

 

M3 with 150 kW < Pn <= 250 kW:  

The RDW database contains 57 vehicle types with Pn from 166 to 243 kW, TPMLM from 12000 to 
28745 kg and registration years between 2011 und 2019. The KBA database contains 103 vehicle 
types with Pn from 151 to 243 kW, TPMLM from 10500 to 30000 kg and registration years between 
2016 und 2019. The type approval level distributions are shown in Figure 92. The levels are 
significantly higher than for M3 vehicle types with Pn <= 150 kW and the RDW and KBA distributions 
are close together and almost parallel from the phase 1 limit down to type approval levels of 75 
dB(A). From this value on there is a gap in the KBA distribution (no vehicle types with 74 and 75 
dB(A) but 18 vehicle types with 73 dB(A) and 11 vehicle types with 72 dB(A)). 
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Figure 92: Type approval level distributions for M3 vehicles with 150 kW < Pn <= 250 kW from the RDW and 
KBA databases 

 

The 72 dB(A) vehicle types are variants of a city bus dedicated for urban public transport. The 
extremely low sound level is most probably the result of additional reduction measures required by 
fleet owners. The RDW database contains variants of this model with type approval levels of 75 and 
77 dB(A). 

The 73 dB(A) vehicle types are variants of two buses dedicated for urban public transport. There are 
other variants of these buses in the KBA database with 76 and 77 dB(A). In the RDW database is a 
Citaro bus variant with even 70 dB(A) but also with 76 and 77 dB(A).  

If one disregards these vehicle types in the distributions because they are the results of customer 
requirements rather than general technical development the phase 2 limits are already fulfilled by 
85% (RDW) or 90% (KBA) of the vehicle types. The percentages for the phase 3 limits are 43.4% 
(RDW) or 41.9% (KBA) respectively. On the other hand, it can be concluded from Figure 92 that the 
type approval levels of M3 vehicle types with 150 kW < Pn <= 250 kW are 3 dB(A) higher than those 
of M3 vehicle types with Pn <= 150 kW. 

The above mentioned facts show that it is obviously feasible to further reduce the type approval 
levels even below the phase 3 limit values, but it is questionable whether the customer required 
levels could be generalized without further analysis of the economic impact and whether such low 
values could also be required for coaches.  

Therefore, it is proposed to keep the 3 dB(A) limit value distance to the lower rated power 
subcategory and set a limit value of 75 dB(A) ( -1 dB(A) ) compared to phase 3) for a 4th phase, 
starting 4 years after the start of phase 3. 
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M3 with Pn > 250 kW: 

The RDW database contains 121 vehicle types with Pn from 260 to 390 kW, TPMLM from 17800 to 
33500 kg and registration years between 2016 und 2019. The KBA database contains vehicle types 
with approval years between 2016 and 2019 with sample sizes above 100 for each approval year 
with Pn from 260 to 375 kW, TPMLM from 19000 to 33500 kg. The vehicle types in this subcategory 
consists of public transport buses (mainly intercity buses) and coaches.  

 

 

Figure 93: Type approval level distributions for M3 vehicles with Pn > 250 kW from the RDW and KBA 
databases 

The type approval level distributions are shown in Figure 93. The trend towards lower type approval 
levels with increasing approval year as for M1 and N1 vehicle types cannot be found for this M3 
subcategory. But a similar split of a model into variants with different type approval levels can be 
found as in the previous subcategory. For example, the KBA database for the approval year 2019 
contains the coach Mercedes-Benz Tourismo with a 74 dB(A) and an 80 dB(A) version. The RDW 
database contains the Bora Futura in versions of 73, 78 and 80 dB(A). The reason is most probably 
the same as described for the previous subcategory. 

The distribution of vehicle types with respect to the type approval levels in the RDW database is as 
follows: 

 73/74 dB(A) - 31.4%, 

 76/77 dB(A) – 20.7%, 

 79/80 dB(A) – 38.8% 

And for the KBA database for the approval year 2019: 

 74 dB(A) - 35%, 

 76 dB(A) – 15%, 

 79/80 dB(A) – 47% 
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From a statistical point of view one could argue that in both cases about 50% of the vehicle types 
would already now fulfil the phase 3 limit value, but a more complex assessment would be more 
appropriate. 

Two M3 vehicles with Pn > 250 kW were tested within this study. A highway coach with Pn = 350 
kW and GVM = 16540 kg and a city bus with Pn = 260 kW and TPMLM = 11340 kg, both equipped 
with an automatic transmission. The annex 3 test results were 78.2 dB(A) (coach) and 77.1 dB(A) 
(bus) respectively. The coach fulfills the phase 2 limit and the bus fulfills already the phase 3 limit, 
both vehicles were homologated with 76 dB(A), which is 1 dB(A) below the phase 3 limit. The 
contribution of the tyre rolling sound on the test results is approximately less than 20% for the coach 
and less than 10% for the bus. The rolling sound emission of the coach was about 4 dB(A) higher 
than the rolling sound emission of the bus, partly due to the fact that the tyre label value of the coach 
tyres was 2 dB(A) higher than for the bus tyres and partly due to the fact that the coach had one axle 
more than the bus. 

One can conclude from the discussion above, that a 1 dB(A) limit value reduction for phase 
4 seems to be appropriate. A proposal for a higher limit value reduction for phase 4 would 
require more information about the economic implications.  

 

5.6 N2 vehicles 
N2 vehicles are vehicles used for the carriage of goods with a TPMLM above 3500 kg but not 
exceeding 12000 kg. In Regulation (EU) No. 540/2014 N2 vehicles are subdivided into 2 
subcategories with regard to their rated power (Pn): 

1. Pn <= 135 kW, 

2. Pn > 135 kW. 

 

The KBA statistics are not considered here because they are dominated by vehicle types from one 
manufacturer. Therefore, the following discussion focusses on the RDW data results. 

Table 55 shows the joint frequency distribution of type approval levels and rated power values for 
N2 vehicle types from the RDW database for the registration years 2019 and 2020. The cells 
highlighted in yellow represent downsized N3 vehicle types. Their share is 21% of all N2 vehicle 
types. 



 

Table 55: Joint frequency distribution of type approval levels and rated power values for N2 vehicle types from 
the RDW database for the approval years 2019 and 2020. 

 

The type approval level distributions of N2 vehicle types in different rated power subcategories are 
shown in Figure 94. Since the KBA database allows the differentiation between on-road and off-road 
versions of a vehicle type, the type approval distributions of the same vehicle in different versions 
(Pn, TPMLM etc.) are shown in addition.  

 

Pn in kW 68 69 70 71 72 73 74 75 76 77 78 79 Totals
84 1 1
90 1 1
96 1 1
100 2 3 2 7
105 3 1 3 7
107 2 2
110 1 2 8 3 2 2 8 26
114 3 3
115 1 2 4 2 9
118 5 3 3 11
120 3 4 2 4 5 3 21
125 2 2 2 4 10
129 3 3 2 8
130 1 6 6 2 2 14 1 4 2 1 39
132 13 4 11 28
135 7 1 8
137 7 7
140 5 2 1 6 3 3 4 24
150 8 1 2 11
155 10 10
157 6 6
158 7 2 9
162 4 4
170 2 2
172 3 3
180 4 4
184 4 4
188 1 4 1 6
194 1 1
210 1 1
272 1 1
278 1 1
283 1 1
306 1 1
328 1 1
330 1 1 2
331 1 1
336 1 1

Totals 4 7 11 11 16 32 31 40 24 31 55 21 283

Type approval level in dB(A)



 

Figure 94: Type approval level distributions for N2 vehicles from the RDW database. 

 

It can be concluded that a power threshold of 150 kW would be more appropriate than 135 kW and 
that there are no significant differences between vehicle types with rated power values between 136 
kW and 150 kW and vehicle types with rated power values of 135 kW or below. Furthermore, the 
results for the MB Sprinter in on-road and off-road versions confirms that a higher limit value for off 
road vehicles seems still to be justified. 

3 N2 vehicles were tested within this study: 

1. 3.0 l engine capacity, Pn = 132 kW at 3500 min-1, TPMLM = 7200 kg, manual transmission, 
homologation sound level 76 dB(A), 

2. 3.0 l engine capacity, Pn = 132 kW at 3500 min-1, TPMLM = 7200 kg, automated manual 
transmission, homologation sound level 76 dB(A). This vehicle belongs to the same model 
family as vehicle 1. This vehicle type can be found in the KBA database with type approval 
levels of 74 and 80 dB(A) for different versions and for the approval year 2016.  

3. 5.1 l engine capacity, Pn = 155 kW at 1800 min-1, TPMLM = 7500 kg, automatic 
transmission, homologation sound level 78 dB(A). This vehicle type can be found in the KBA 
database with type approval levels of 77, 78 and 80 dB(A) for different versions and for the 
approval year 2019. 

The engine of vehicles 1 and 2 are typical engines derived from car engines and also used in N1 
versions of these vehicles. The engine of vehicle 3 is a typical truck engine also used in N3 versions 
of this vehicle. 

The test results (Lwot at about 35 km/h) and the rolling sound values at that speed were 

1. Lwot = 74.7 dB(A), Lroll = 66.5 dB(A) with winter tyres, 

2. Lwot = 74.4 dB(A) with locked gears and 74.1 dB(A) with non locked gears, Lroll = 67.6 
dB(A) with winter tyres and 66.9 DB(A) with summer tyres, 

3. Lwot = 77.6 dB(A), Lroll = 67.7 dB(A) with all season tyres. 
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The tyre contribution to the test result was between 10% and 20%. The annex 3 test results for 
vehicles 1 and 2 fulfilled the phase 2 limits, but the homologation level was 1 dB(A) above this limit. 
The results according to annex 3 to UNECE Regulation No. 51 for vehicle 3 were at the phase 1 limit 
and the same as the homologation level. These results confirm the findings from the type approval 
database analysis. 

It is therefore proposed to change the subcategorisation for N2 vehicles to the following 
subcategories for phase 4 as follows:  

1. Pn <= 150 kW, 

2. Pn > 150 kW. 

Since a limit value of 74 dB(A) is already fulfilled by more than 73% of the vehicle types with 
Pn <= 150 kW, a limit value of 73 dB(A) is proposed for the new subcategory 1 and to keep 
the limit value for the new subcategory 2 at 75 dB(A) for phase 4.  

Alternatively, one could merge both subcategories, apply the above mentioned limit value and add 
a footnote analogous to the M1 pmr <= 120 kW/1000 kg subcategory: (1) N2 vehicles derived from 
N3 vehicles with a total permissible laden mass of 12000 kg and a rated power above 150 kW have 
to fulfil the limit values of N3 (Pn <= 250 kW).  

 

5.7 N3 vehicles 
N3 vehicles are vehicles used for the carriage of goods with a TPMLM above 12000 kg. In Regulation 
(EU) No. 540/2014 N3 vehicles are subdivided into 3 subcategories with regard to their rated power 
(Pn): 

1. Pn <= 150 kW, 

2. 150 kW < Pn <= 250 kW, 

3. Pn > 250 kW 

 

Pn <= 150 kW 

This Pn subcategory contains borderline vehicles between N2 and N3 with Pn between 130 and 
137 kW and TPMLM values between 12000 kg and 15000 kg.  

The RDW database contains for the registration years 2017-2020: 

 9 variants of the Mercedes-Benz Atego with Pn = 130 kW, TPMLM values between 12000 
kg and 15000 kg and type approval values of 77 or 78 dB(A), 

 3 variants of the DAF LF 180 FA with Pn = 135 kW and TPMLM values between 12000 kg 
and 16000 kg and a type approval value of 78 dB(A), 

 6 variants of an IVECO vehicle type with Pn = 137 kW and TPMLM values between 12000 
kg and 14000 kg and a type approval value of 78 dB(A). 

The KBA database contains only 14 variants of the Mercedes Benz Atego with Pn = 130 kW, a 
TPMLM value of 16000 kg and type approval values of 77 or 78 DB(A) for the approval years 2017-
2019. 

None of these vehicles already fulfill the phase 3 limit and less than 50% fulfill the phase 2 limit (43% 
in the KBA database and 26% in the RDW database). Obviously, it seems to require more effort to 
reduce the noise emission for engines that are designed for rated power values above 150 kW so 
that they fulfill the lower limit of this rated power subcategory. And since it can be concluded from 
the database results that this N3 subcategory has no relevance for the N3 vehicle 
market/stock it is proposed to apply the same limit value as for N2 vehicles with Pn > 150 kW. 

 

N3 with 150 kW < Pn <= 250 kW (subcategory N3-2) 

Highlight



The RDW database contains vehicle types of this subcategory from different manufacturers with 
engine capacities between 4500 and 10837 cm³, TPMLM between 12000 and 35000 kg, rated power 
values between 152 and 250 kW and type approval levels from 76 to 81 dB(A) for registration years 
from 2017 to 2020.  

The type approval level distributions of these vehicle types are shown in Figure 95.  

60% of all N3-2 vehicle types registered in 2020 (all GVM values) meet the phase 2 limit (79 dB(A)), 
the phase 3 limit (77 dB(A)) is met by 30%. 

 

 

Figure 95: Type approval level distributions for N3 vehicles with 150 kW < Pn <= 250 kW from the RDW 
database 

 

Figure 96 shows the L50 (50% percentile of the type approval level distributions) values, and the 
percentages of phase 2 and phase 3 compliant vehicle types in dependence of the approval year. 

Between 2017 and 2020 there is a trend to increasing percentages for phase 2 compliant vehicles 
and a corresponding trend to decreasing L50 values, but the phase 3 compliant vehicle percentages 
seem to remain at around 30%. It is obviously not so easy to achieve phase 3 compliant type approval 
levels in this subcategory and it seems that the 30% of phase 3 compliant vehicle types that came 
into the market 6 to 8 years before the start of phase 3 (2026) are not driven by the limit values but 
by other factors. An indication for this is the fact that these vehicle types are special variants of 
vehicle models whose other variants have type approval levels around the phase 2 limit (78 to 80 
dB(A)). 

Since the difference between the phase 3 and phase 1 limit values is 4 dB(A) no further 
reduction for a phase 4 is proposed. A further limit value reduction for phase 4 would require 
more information about the technical solutions and the economic implications.  
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Figure 96: L50 (50% percentile of the type approval level distributions), and percentages of phase 2 and 
phase 3 compliant vehicle types in the RDW database for N3 vehicles with 150 kW < Pn <= 250 

kW in dependence of the approval year 

 

One N3-2 vehicle was tested within this study. The vehicle with 175 kW rated power and 15000 kg 
TPMLM was measured with all season tyres on both axles. It was equipped with an automated 
manual transmission and was measured in locked and non-locked gear conditions. The annex 3 
result was 78 dB(A) in both cases although the homologation value was 80 dB(A). The measured 
result was slightly lower than the L50 value from the RDW database for the registration year 2020.  

N3 vehicles with Pn > 250 kW (subcategory N3-3) 

The RDW database contains vehicle types of this subcategory from different manufacturers with 
engine capacities between 6871 and 16353 cm³, TPMLM between 12000 and 72000 kg, rated power 
values between 251 and 573 kW and type approval levels from 75 to 82 dB(A) for registration years 
from 2017 to 2020.  

The type approval level distributions of these vehicle types (subcategory N3-3) are shown in Figure 
97. The distributions from the Pn subcategory N3-2 are shown for comparison. 

A 2 dB(A) difference in the limit values for phases 2 and 3 between the N3-2 and N3-3 subcategories 
is not justified. The phase 2 limit of 81 dB(A) is already met by all N3-3 vehicle types except one. 2/3 
of all N3-3 vehicle types fulfill already the phase 3 limit. The phase 2 limit of the N3-2 subcategory 
(79 dB(A)) is met by 60% of the N3-2 vehicle types and even 68% of the N3-3 vehicle types. The 
percentages for the phase 3 limit are 30% for N3-2 and 46% for N3-3 vehicle types. 
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Figure 97: Type approval level distributions for N3 vehicles with Pn > 250 kW (red lines) from the RDW 
database (Distributions from Figure 95 for comparison). 

 

This result is also reflected in Figure 98 in which the L50 (50% percentile of the type approval level 
distributions) values and the percentages of phase 2 and phase 3 compliant vehicle types in 
dependence of the approval year are shown. The difference in L50 percentiles for both subcategories 
for the registration year 2020 is only .2 dB(A) with the higher level for the lower Pn subclass. 

Therefore, it is proposed to merge both Pn subclasses and keep the phase 3 limit of the N3-2 
subclass for both. This could already be done for phase 3 but should at least be done for a 
phase 4. 
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Figure 98: L50 (50% percentile of the type approval level distributions), and percentages of phase 2 and 
phase 3 compliant vehicle types in the KBA database for N3 vehicles with Pn >250 kW in 

dependence of the approval year 

 

One N3-3 vehicle was tested within this study. The 3-axle vehicle with 309 kW rated power and 
26000 kg TPMLM was measured with summer tyres on the front axle and all season tyres on both 
rear axles. It was equipped with an automatic transmission, tested in locked and non-locked gear 
conditions. The annex 3 result was 79 dB(A) in both cases; the homologation value was 80 dB(A). 
The measured result was 1 dB(A) higher than the L50 value from the RDW database for the 
registration year 2020. 

Since the KBA database allows the differentiation between on-road and off-road versions of a vehicle 
type, the type approval distributions of three vehicle models from the same brand of N3-2 and N3-3 
types in different versions (Pn, TPMLM etc.) were derived from the KBA database in order to check 
the differences in the context of the sentence below the limit values table in Regulation (EU) No. 
540/2014 (“Limit values shall be increased by 1dB (2 dB(A) for N3 and M3 categories) for vehicles 
that meet the relevant definition for off-road vehicles set out in point 4 of Part A of Annex II to Directive 
2007/46/EC”).  

To clarify whether 2 and 3 axle configurations show systematic differences in the type approval levels 
the distributions from the RDW database for the reference years 2019 and 2020 were merged and 
split into TPMLM <= 19000 kg and TPMLM > 19000 kg. 

The results for both items are shown in Figure 99. The differences between on- and off-road are less 
pronounced than for N2 vehicles, so that a 2 dB(A) increase of the limit of off road vehicles compared 
to on road vehicles is not justified. It is proposed to unify the off-road limit value increase to 1 
dB(A). No systematic difference between 2 and 3 axle configurations was found. 
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Figure 99: Type approval level distributions for on and off road vehicle type versions from the KBA database 
and TPMLM classes up to 19000 kg and above 19000 kg from the RDW database (for the 

determination of the influence of 2 and 3 axle configurations) 

 

 

5.8 Summary of proposals for further amendments 
of limit values and vehicle categorisation 

The proposals for further amendments of limit values and vehicle categorization are summarized in  

Table 56 and Table 57. 
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Table 56: proposals for further amendments of limit values and vehicle categorisation for M category vehicles. 

  

 

Phase 1 applicable for 
new vehicle types 
from 1 July 2016

Phase 2 applicable for 
new vehicle types from 
1 July 2020 and for first 
registration from 1 July 

2022

Phase 3 applicable for 
new vehicle types 

from 1 July 2024 and 
for first registration 

from 1 July 2026

Proposal for phase 4 
limit to be applied 

for new vehicle 
types from 1 July 
2028 and for first 

registration from 1 
July 2030

Remarks

power to mass ratio 
≤ 120 kW/1 000 kg

72 (1) 70 (1) 68 (1)

120 kW/1 000 kg < 
power to mass ratio 
≤ 160 kW/1 000 kg

73 71 69

160 kW/1 000 kg < 
power to mass ratio

75 73 71

power to mass ratio 
> 200 kW/1 000 kg 
number of seats ≤ 4 

R point of driver seat 
≤ 450 mm from the 

ground

75 74 72

TPMLM <= 2500 kg
72 70 69 -

These vehicles do 
not exist in EU

2500 kg < TPMLM <= 
3500 kg

74 72 71 71
only few vehicle 

types
3500 kg < TPMLM <= 
5000 kg, Pn <= 135 

kW
75 73 72

3500 kg < TPMLM <= 
5000 kg, Pn > 135 

kW
75 74 72

Pn <= 150 kW 76 74 73 72
150 kW < Pn <= 250 

kW
78 77 76 75

Pn > 250 kW 80 78 77 76

A proposal for a 
higher limit value 

reduction for 
phase 4 seems 

feasible but would 
require more 

information about 
the economic 
implications

M category vehicles, used for the carriage of passengers
Limit values expressed in dB(A) [decibels (A)]

68

71

Limit values shall be increased by 1dB  for vehicles that meet the relevant definition for off-road vehicles set out 
in point 4 of Part A of Annex II to Directive 2007/46/EC. 

For M1 vehicles the increased limit values for off-road vehicles are only valid if the technically permissible 
maximum laden mass > 2 tonnes. 

Limit values shall be increased by 2 db(A) for wheelchair accessible vehicles and armoured vehicles, as defined in 
Annex II to Directive 2007/46/EC. 

Description of 
vehicle category

Vehicle 
subcategory 

M1

(1) M1 vehicles derived from N1 vehicles: M1 vehicles with an R point > 850 mm from the ground and a total 
permissible laden mass more than 2 500 kg have to fulfil the limit values of N1 (2 500 kg < mass ≤ 3 500 kg).

M2

M3

72

ASEP needs to be 
impruved 

significantly. The 
proposal of the 

GRBP informal WG 
goes into the right 
direction but the 

tolerances are far 
too high



Table 57: proposals for further amendments of limit values and vehicle categorisation for N category vehicles. 

  

 

 

Final remarks to lower tyre rolling sound limits: 

In chapter 5.2 is stated that a further reduction of the vehicle type approval sound limits of M1 vehicles 
with pmr <= 120 kW/1000 kg beyond the phase 3 limits will require improvements on the sound 
emission of the tyres. Therefore, it is recommended to lower the tyre sound limits first before a further 
lowering of the Lurban limits for this M1 subcategory (pmr <= 120 kW/1000 kg) could be proposed in 
a second step. This recommendation is supported by the CBA results from chapter 4. These results 
show that the benefit for a lowering of the tyre limits is much higher than a further lowering of the 
Lurban limits for vehicle types. 

The tyre labeling statistics give some indications that such further tyre sound emission limit 
reductions are technically feasible, but a concrete proposal for a further lowering of the sound 
emission limits for tyres would require an in-depth assessment of the technical possibilities and 
possible goal conflicts with other tyre characteristics related to safety and wear aspects. This cannot 
be done within the scope of this project. 

 

Phase 1 applicable for 
new vehicle types 
from 1 July 2016

Phase 2 applicable for 
new vehicle types from 
1 July 2020 and for first 
registration from 1 July 

2022

Phase 3 applicable for 
new vehicle types 

from 1 July 2024 and 
for first registration 

from 1 July 2026

Proposal for phase 4 
limit to be applied 

for new vehicle 
types from 1 July 
2028 and for first 

registration from 1 
July 2030

Remarks

TPMLM <= 2500 kg 72 71 69 68

2500 kg < TPMLM <= 
3500 kg

74 73 71 71

Pn <= 135 kW 77 75 (2) 74 (2) 73 (2) Pn <= 150 kW for 
phase 4

Pn > 135 kW 78 76 (2) 75 (2) 75 (2) Pn > 150 kW for 
phase 4

Pn <= 150 kW 79 77 76 (2) 75 (2)

150 kW < Pn <= 250 
kW

81 79 77 (2) 77 (2)

A further limit 
value reduction 
would require 

more information 
about the 

technical solutions 
and the economic 

implications

Pn > 250 kW 82 81 79 (2) 77 (2)
Current phase 1 to 
phase 3 values are 

too high
Limit values shall be increased by 1dB  for vehicles that meet the relevant definition for off-road vehicles set out 
in point 4 of Part A of Annex II to Directive 2007/46/EC. 

For M1 vehicles the increased limit values for off-road vehicles are only valid if the technically permissible 
maximum laden mass > 2 tonnes. 

Limit values shall be increased by 2 db(A) for wheelchair accessible vehicles and armoured vehicles, as defined in 
Annex II to Directive 2007/46/EC. 
(2) + two years for new vehicle type and + one year for new vehicles registration. 27.5.2014 L 158/163 Official 
Journal of the European Union EN

Limit values expressed in dB(A) [decibels (A)]
N category vehicles, used for the carriage of goods

N3

N2

N1

ASEP needs to be 
impruved 

significantly. The 
proposal of the 

GRBP informal WG 
goes into the right 
direction but the 

tolerances are far 
too high

Vehicle 
subcategory 

Description of 
vehicle category



 

6 Discussion about amendments of 
the measurement method and ASEP 
requirements 

6.1 Measurement method 
The measurement method for the sound emission determination within the type approval procedure 
is defined in the UNECE Regulation No. 51. The current version is R 51-03. The 03 stands for 
Revision 3 which came into force in February 2016 and was elaborated in the time period 2000 and 
2020. A further amendment of this regulation (Revision 4) is currently elaborated in the responsible 
UNECE working group GRBP and its subgroup ASEP. 

For M2 vehicles with TPMLM > 3500 kg, M3, N2 and N3 vehicles the measurement method is well 
established and accepted. For vehicles of these categories the vehicle speed as well as the engine 
speeds are limited by technical measures. The results represent the sound emission of these 
vehicles during acceleration conditions in a speed range assigned to urban streets and are close to 
the maximum possible sound emission of these vehicles.  

For M1, M2 vehicles with TPMLM <= 3500 kg and N1 vehicles the situation is different. The test 
result is calculated as weighted average of WOT acceleration tests and constant speed tests. The 
rationale behind is the approximation of a partial load acceleration test in the speed range around 50 
km/h which is seen as typical acceleration condition for urban streets. The approximation method 
was based on statistical analyses of in-use driving behaviour data measured in the time period 1995 
to 2005.  

In UNECE Regulation No. 51.03 the target acceleration, the reference acceleration and the 
partial power factor are specified as follows: 

3.1.2.1.2.3. Target acceleration 

 The target acceleration aurban defines the typical acceleration in urban 
traffic and is derived from statistical investigations. This function depends 
on the PMR of a vehicle. 

 The target acceleration aurban is defined by: 

 aurban = 0.63 * log10 (PMR) - 0.09 

3.1.2.1.2.4. Reference acceleration 

 The reference acceleration awot ref defines the required acceleration during 
the acceleration test on the test track. It is a function depending on the 
power-to-mass ratio of a vehicle. That function is different for specific vehicle 
categories. 

 The reference acceleration awot ref is defined by: 

 awot ref = 1.59 * log10 (PMR) -1.41 for PMR ≥ 25 

 awot ref = a urban = 0.63 * log10 (PMR) - 0.09 for PMR < 25 

3.1.2.1.3. Partial power factor kP 

 The partial power factor kP (see paragraph 3.1.3.1.) is used for the 
weighted combination of the test results of the acceleration test and the 
constant speed test for vehicles of category M1 and N1 and M2 < 3,500 kg 
technically permissible maximum laden mass 

 In cases other than a single gear test, awot ref shall be used instead of awot 
test (see paragraph 3.1.3.1.). 

(end of quote) 

In the draft for revision 4 the following sentence is added: 



Regardless of the achieved acceleration, the minimum contribution 
of the constant speed test result shall always be at least 10 per cent. 

 

Paragraphs 3.1.2.1.4. and 3.1.2.1.4.1. of UNECE Regulation No. 51.03 read as follows: 

3.1.2.1.4. Gear ratio selection 

 The selection of gear ratios for the test depends on their specific 
acceleration potential awot under full throttle condition, according to the 
reference acceleration awot ref required for the full throttle acceleration test. 

 If the vehicle allows different transmission setups like automatic or manual 
gear selection and/or has different software programs or modes (e.g. 
sporty, winter, adaptive) leading to valid accelerations, the vehicle 
manufacturer shall prove to the satisfaction of the Technical Service, that 
the vehicle is tested in the mode which achieves an acceleration being 
closest to awot ref. 

The vehicle transmission, gear, or gear ratio may be controlled by 
electronic or mechanical measures to avoid the activation of a kick-down 
function.”  

Appendix 3, Figure 3a to Figure 3e, give gear selection criteria and test run 
criteria for categories M1 and M2 having a technically permissible maximum 
laden mass not exceeding 3.500 kg and for category N1, in a flowchart form 
as an aid to test operation. 

3.1.2.1.4.1. Vehicles with manual transmission, automatic transmissions, adaptive 
transmissions or CVTs tested with locked gear ratios 

 The following conditions for selection of gear ratios are possible: 

(a) If one specific gear ratio gives an acceleration in a tolerance band 
of 5 per cent of the reference acceleration awot ref, not exceeding 2.0 
m/s2, test with that gear ratio. 

(b) If none of the gear ratios give the required acceleration, then choose 
a gear ratio i, with an acceleration higher and a gear ratio i+1, with 
an acceleration lower than the reference acceleration. If the 
acceleration value in gear ratio i does not exceed 2.0 m/s2, use both 
gear ratios for the test. The weighting ratio in relation to the 
reference acceleration awot ref is calculated by: 

   k = (awot ref – awot (i+1))/(awot (i) – awot (i+1)) 

(c) If the acceleration value of gear ratio i exceeds 2.0 m/s2, the first 
gear ratio shall be used that gives an acceleration below 2.0 m/s2 
unless gear ratio i+1 provides acceleration less than aurban. In this 
case, two gears, i and i+1 shall be used, including the gear i with 
acceleration exceeding 2.0 m/s2. In other cases, no other gear shall 
be used. The achieved acceleration awot test during the test shall be 
used for the calculation of the part power factor kP instead of awot ref. 

(d) If the vehicle has a transmission in which there is only one selection 
for the gear ratio the acceleration test is carried out in this vehicle 
gear selection. The achieved acceleration is then used for the 
calculation of the part power factor kP instead of awot ref. 

(e) If rated engine speed is exceeded in a gear ratio before the vehicle
 passes BB' the next higher gear shall be used. If the next higher 
gear results in an acceleration below aurban, the vehicle test speed, 
vtest, shall be reduced by 2.5 km/h and the gear ratio selection shall 
proceed as specified by the options given in this paragraph. In no 
case shall the vehicle test speed be reduced below 40 km/h. In this 
case, a gear ratio is allowed even if awot test does not exceed aurban. 

(end of quote) 

In the draft for revision 4 clause (e) is modified as follows: 



 

(d) If the maximum engine speed nBB',max is exceeded in a gear ratio 
i before the vehicle passes BB' the next higher gear i+1 shall be 
used. If the next higher gear i+1 results in an acceleration below 
aurban, the vehicle test speed, vtest, in the gear ratio i shall be 
reduced by 2.5 km/h and the gear ratio selection shall proceed 
as specified by the options given in this paragraph. In no case 
shall the vehicle test speed be reduced below 40 km/h.  

 If the maximum engine speed nBB',max is exceeded in gear ratio 
i before the vehicle passes BB' and the vehicle test speed is 
equal to 40 km/h, the higher gear ratio i+1 is allowed even if awot 
test does not exceed aurban.  

 The vehicle test speed in the higher gear ratio i+1 shall be 50 
km/h. 
 
The maximum engine speed nBB',max is given by the formula 
below: 

𝒏𝑩𝑩 ,𝒎𝒂𝒙 = 𝟏. 𝟓𝟔 × 𝑷𝑴𝑹 𝟎.𝟐𝟐𝟕 × 𝑺, but not more than 80% of S 

(e)  If no gear ratio is available with an acceleration below 2.0 m/s², 
the manufacturer shall, if possible take measures to avoid an 
acceleration value awot test greater than 2.0 m/s². 

 

Paragraph 3.1.2.1.4.2. of UNECE Regulation No. 51.03 reads as follows: 

3.1.2.1.4.2. Vehicles with automatic transmission, adaptive transmissions and CVTs 
tested with non-locked gear ratios: 

 The gear selector position for full automatic operation shall be used. 

 The acceleration value awot test shall be calculated as defined in paragraph 
3.1.2.1.2.2. 

 The test may then include a gear change to a lower range and a higher 
acceleration. A gear change to a higher range and a lower acceleration is 
not allowed. A gear shifting to a gear ratio which is not used in urban traffic 
shall be avoided. 

 Therefore, it is permitted to establish and use electronic or mechanical 
devices, including alternate gear selector positions, to prevent a downshift 
to a gear ratio which is typically not used for the specified test condition in 
urban traffic. 

 The achieved acceleration awot test shall be greater or equal to aurban. 

 If possible, the manufacturer shall take measures to avoid an acceleration 
value awot test greater than 2.0 m/s2. 

 The achieved acceleration awot test is then used for the calculation of the 
partial power factor kp (see paragraph 3.1.2.1.3.) instead awot ref. 

awot test is specified in paragraph 3.1.2.1.2 of annex 3 to this regulation. 

(end of quote) 

 

The equations for awot ref, a urban and nBB',max versus pmr are shown in Figure 100. The acceleration 
curves are not modified in the draft for revision 4 but the nBB',max limitation in revision 4 compared to 
nBB',max = rated speed in revision 3 is in favour of high powered vehicles and could allow higher sound 
emissions in real traffic. 

 



 

Figure 100: awot ref, a urban and nBB',max versus pmr. 

 

Two points must be mentioned and proposed for amendment: 

1. The statistical basis for awot ref, a urban and nBB',max, 

2. the limitation of awot test to 2 m/s². 

As already mentioned, the statistical basis for awot ref, a urban and nBB',max, is in-use driving behaviour 
data from 1995 to 2005, about 20 years ago. The pmr of the vehicles under discussion have been 
increased significantly and this trend is not yet broken (see Figure 101 and Figure 102). The average 
values for M1 vehicles increased from 60 kW/1000 kg to 70 kW/1000 kg between 2010 and 2020. 
And since it is known from in-use driving behaviour data analyses that the acceleration in 
real traffic increase with pmr, depending on the driving behaviour, it is recommended to 
scrutinise the validity of the equations for awot ref, a urban and nBB',max using in-use driving 
behaviour with in-use data from recent or ongoing projects. 
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Figure 101: Average pmr values versus registration year from the RDW database. 

 

 

Figure 102: Distributions of pmr values for M1 vehicles from the RDW database for different registration 
years. 
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Figure 103: Test gears and nbb’/s values for M1 vehicles versus pmr from the database of the ASEP IWG of 
GRBP. 

 

But more important is the second point, the limitation of awot test to 2 m/s². There is absolutely no 
evidence that this limitation is still justified. As shown in Figure 103, this limitation leads to the use of 
unrealistic high gears for the annex 3 test compared to the gear use that could be expected in real 
traffic at vehicle speeds around 50 km/h. Calculations performed with the gearshift calculation tool 
for WLTP showed that 3rd and 4th gear would be used for this speed range and accelerations 
according to awot ref. And also the results of the UDRIVE project70  show that a 2 m/s² threshold is no 
longer justified. 

In this context it should be mentioned that UNECE Regulation No. 41.04 for motorcycles uses the 
same approach for the determination of the test gears but without any limitation of awot test. It is 
therefore recommended to align the gear selection requirements for the tests with UNECE 
Regulation No. 41.04 and skip the 2 m/s² limitation. 

A further alignment with UNECE Regulation No. 41.04 is recommended and this is the 
limitation of Lwot. UNECE Regulation No. 41.04 specifies that Lwot must not exceed Lurban by 
more than 5 dB(A). This limitation is not needed under the current gear selection specifications 
because high Lwot values are prevented by the 2 m/s² acceleration limitation. But it should be added 
when this limitation will be skipped in order to prevent too high Lwot values for vehicles with high pmr 
values compared to “normal” or average vehicles.  

 

6.2 ASEP requirements 
The ASEP requirements of UNECE Regulation No. 51.03 are specified in paragraph 6.2.3 of the 
main body and annex 7 (referred to as “current version” in the following). These specifications are 
currently amended. The actual amendment proposal is specified in Informal document GRBP-73-05 
“Proposal for the 04 series of amendments to UNECE Regulation No. 51” (referred to as “new 

                                                      
70 E.g.UDRIVE, European Naturalistic Driving Study, EUROPEAN COMMISSION SEVENTH FRAMEWORK PROGRAMME, FP7-SST-
2012.4.1-3, GA No. 314050; Deliverable No. UDRIVE D45.1, Deliverable Title Potential of eco-driving. 
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version” in the following). The main modifications compared to UNECE Regulation No. 51.03 in its 
current version will be discussed below. 

The header of paragraph 6.2.3 of UNECE Regulation No. 51.03 “Additional sound emission 
provisions” is changed in Informal document GRBP-73-05 to “Real Driving Additional Sound 
Emission Provisions”. In UNECE Regulation No. 51.03 the application of ASEP is restricted to M1 
and N1 vehicles equipped with an internal combustion engine. In Informal document GRBP-73-05 it 
is extended to ICE or any other propulsion technology fitted with an exterior sound enhancement 
system. 

 

Table 58: Comparison of current and new ASEP control ranges and measurement conditions. 

ASEP requirements 

Current version New version 

6.2.3 Additional sound 
emission provisions 
The Additional Sound 
Emission Provisions (ASEP) 
apply only to vehicles of 
categories M1 and N1 
equipped with an internal 
combustion engine. 

Vehicles are deemed to fulfil 
the requirements of Annex 7, if 
the vehicle manufacturer 
provides technical documents 
to the type approval authority 
showing, that the difference 
between maximum and 
minimum engine speed of the 
vehicles at BB' for any test 
condition inside the ASEP 
control range defined in 
paragraph 3.3. of Annex 7 to 
this Regulation (including 
Annex 3 conditions) does not 
exceed 0.15 x S. This article is 
intended especially for non-
lockable transmissions with 
variable gear ratios (CVT). 

Vehicles are exempted from 
ASEP if one of the following 
conditions is fulfilled: 

 For vehicles of category N1, if 
the engine capacity does not 
exceed 660 cc and the power-
to-mass ratio PMR calculated 
by using the technically 
permissible maximum laden 
mass does not exceed 35. 

(b) For vehicles of 
category N1, if the payload is 
at least 850 kg and the power-
to-mass ratio calculated by 
using the technically 

6.2.3 Real Driving Additional Sound Emission Provisions 
The Real Driving Additional Sound Emission Provisions (RD-ASEP) 
apply to vehicles of categories M1 and N1 equipped with: 
- an internal combustion engine (ICE) for propulsion of the 
vehicle, or  
- any other propulsion technology fitted with an exterior sound 
enhancement system. 
6.2.3.1 Exemptions 
Notwithstanding the requirements above, vehicles equipped with an 
ICE for propulsion, inclusive HEV are exempted from RD-ASEP, if 
their exhaust silencing systems have no variable geometries, 
- and the vehicle has no sound enhancement systems, or 
- a sound enhancement system is fitted to the vehicle solely for 
the purpose of fulfilling the provisions of UN Regulation No. 138.01, 
and the sound emitting device does not emit a sound pressure level of 
more than 75 dB(A)  under any operation conditions exceeding the 
specification range of UN Regulation No. R138.01. 
Manufacturer shall demonstrate compliance to the 75dB(A) by using 
the test set up according to UN Regulation No. R138.01 Annex 3 
paragraph 3.3.2.2. by using the control range of RD-ASEP described 
in Annex 7 paragraph 3.3. 
 Notwithstanding the requirements above, vehicles which have 
no ICE for propulsion are exempted from RD-ASEP, if  
- the vehicle does not have any sound enhancement system, or  
- a sound enhancement system is fitted to the vehicle solely for 
the purpose of fulfilling the provisions of UN Regulation No. 138.01, 
and the sound emitting device does not emit a sound pressure level of 
more than 75 dB(A) under any operation conditions exceeding the 
specification range of UN Regulation No. R138.01. 
Manufacturer shall demonstrate compliance to the 75dB(A) by using 
the test set up according to UN Regulation No. R138.01 Annex 3 
paragraph 3.3.2.2. by using the control range of RD-ASEP described 
in Annex 7 paragraph 3.3. 



permissible maximum laden 
mass does not exceed 40. 

(c)  For vehicles of 
category N1 or M1 derived from 
N1 if the technically 
permissible maximum laden 
mass is greater than 2.5 tons 
and the R-point height is 
greater than 850 mm from the 
ground and the power- to-
mass ratio calculated by using 
the technically permissible 
maximum laden mass does 
not exceed 40. 

 

 In Informal document GRBP-73-05 the following paragraphs are 
added: 

6.2.3.3 Provisions against manipulation 

6.2.3.3.1. Software manipulation 

…. 

6.2.3.3.2.     
 Hardwar
e manipulation 

…… 

For the text of these paragraphs see Informal document GRBP-73-05 
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1. General 
This annex describes a 
measuring method to 
evaluate compliance of the 
vehicle with the additional 
sound emission provisions 
(ASEP) conforming to 
paragraph 6.2.3. of this 
Regulation. 
…. 
The procedure set out in this 
annex requires the 
performance of a test in 
accordance with Annex 3. 
The test specified in Annex 3 
shall be carried out on the 
same test track under 
conditions similar to those 
required in the tests 
prescribed in this annex. 

 

1. General 
Any vehicle operating conditions within the control range, as specified 
in paragraph 2.3. of Annex 7 are typical on road driving conditions and 
are covered by RD-ASEP. 
 Any electric sound enhancement system for the purpose of 
the exterior sound emission shall operate as designed during the type-
approval test and not be interfered with. 

 

 2. Facilities (new) 

Due to limitations of test facilities and in respect of safety, not every 
test condition may be safely performed on every test facility.  

………….. 

 



 

2. Measuring method 
2.1 Measuring instruments 
and conditions of testing 
…. 
If the vehicle has different 
modes that affect sound 
emission, all modes shall 
comply with the requirements 
in this annex. In the case 
where the manufacturer has 
performed tests to prove to 
the approval authority 
compliance with the above 
requirements, the modes 
used during those tests shall 
be reported in a test report. 
 
2.2 ….. 

 

3. Measurement methods 
3.1 Measurement instruments and conditions of testing 
…. 
Deleted 
 
 
 
 
 
 
 
3.2 ………. 

 

2.3 Control range 
 Operation conditions 
are as follows: 
Vehicle speed VAA_ASEP: vAA ≥ 
20 km/h 
Vehicle acceleration 
aWOT_ASEP: aWOT ≤ 5.0 
m/s2 
Engine speed nBB_ASEP nBB ≤ 
2.0 * pmr-0.222 * S or 

 nBB ≤ 0.9 * S, whichever is the 
lowest 
 Vehicle speed 
vBB_ASEP: 
if nBB_ASEP is reached in one 
gear vBB ≤ 70 km/h 
in all other cases vBB ≤ 
80 km/h 
gears κ ≤ gear i as 
determined in Annex 3 
If the vehicle, in the lowest 
valid gear, does not achieve 
the maximum engine speed 
below 70 km/h, the vehicle 
speed limit is 80 km/h. 

The resulting acceleration 
limitation of the above listed 
boundary conditions can be 
assessed by the following 
figure 

3.3 Control range 
A measurement for RD-ASEP is valid, if all parameters are within the 
specifications of the table below during the test run between lines AA’ 
and BB’ 
 

Parameter Minimum Maximum 
Vehicle 
Speed  

> 0 km/h 
at line AA’ 

100 km/h 
at line BB’ 

Acceleration 0 m/s² 4 m/s² 
Performance 
(vxa) 

0 m²/s³  35 m²/s³ 

Gear ANY for forward driving  
Mode ANY 

 
In any operation condition, the engine speed of a vehicle, which can 
be propelled with an ICE operating, is limited to 80% of S (rated 
speed). 
 



Conclusion: The gear ratio selection will be extended, the acceleration limitation will be 
restricted 

 

2.4 Gear ratios 
The ASEP requirements apply to every gear ratio κ that 
leads to test results within the control range as defined 
in paragraph 2.3. of this annex. 
In case of vehicles with automatic transmissions, 
adaptive transmissions and CVT's tested with non-
locked gear ratios, the test may include a gear ratio 
change to a lower range and a higher acceleration. A 
gear change to a higher range and a lower acceleration 
is not allowed. A gear shift which leads to a condition 
that is not in compliance with the boundary conditions 
shall be avoided. In such a case, it is permitted to 
establish and use electronic or mechanical devices, 
including alternate gear selector positions. 

 

2.4 Gear ratios 
The ASEP requirements apply to every gear 
ratio κ that leads to test results within the 
control range as defined in paragraph 2.3. of 
this annex. 
In case of vehicles with automatic 
transmissions, adaptive transmissions and 
CVT's tested with non-locked gear ratios, the 
test may include a gear ratio change to a 
lower range and a higher acceleration. A 
gear change to a higher range and a lower 
acceleration is not allowed. A gear shift 
which leads to a condition that is not in 
compliance with the boundary conditions 
shall be avoided. In such a case, it is 
permitted to establish and use electronic or 
mechanical devices, including alternate gear 
selector positions. 

 

Annex 7, Current version Annex 7, New version 

2.5 Target conditions 
The sound emission shall be 
measured in each valid gear 
ratio at the four test points as 
specified below. 
The first test point P1 is 
defined by using an entry 
speed vAA of 20 km/h. If a 
stable acceleration condition 

3.4 Target conditions 
The target operation condition for a single test run is randomly 
selected by the authority present during the tests carried out for type 
approval. 
The operation condition during measurements per run is defined by 
• the gear selector position, 
• the vehicle mode, 
• the vehicle entry speed at line AA’, and 
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cannot be achieved, the 
speed shall be increased in 
steps of 5 km/h until a stable 
acceleration is reached. 
The fourth test point P4 is 
defined by the maximum 
vehicle speed at BB' in that 
gear ratio within the boundary 
conditions according to 
paragraph 2.3. 
The other two test points are 
defined by the following 
formula: 
Test Point Pj: vBB_j = vBB_1 + ((j 
- 1) / 3) * (vBB_4 - vBB_1) for j = 
2 and 3 
Where: 
vBB_1 = vehicle speed at BB' 
of test point P1 
vBB_4 = vehicle speed at BB' 
of test point P4 
Tolerance for vBB_j: ±3 km/h 
For all test points the 
boundary conditions as 
specified in paragraph 2.3. 
shall be met. 
 

 

• the percentage of accelerator depression, either for constant 
speed or in steps of 25% acceleration depression. 

 
The manufacturer may establish a mechanical or electronic device to 
enable the requested percentage of accelerator depression. 
The requested accelerator depression shall be achieved during the 
test with a tolerance of [±10%]. 
The requested vehicle speed at AA’ shall be achieved during the test 
with a tolerance of ±3 km/h. 
If under the chosen operation condition a stable acceleration 
according to 2.26.1. cannot be enabled, the authority present during 
the test shall decide how to modify the operation condition (e.g. 
different gear selector position, speed, acceleration, driving mode). 
The chosen operation condition shall result in a run within the control 
range. Each operation condition shall differ substantially from the test 
conditions of Annex 3 and all other operation conditions already 
chosen for this type approval already carried out under this Annex. For 
vehicles with a combustion engine for propulsion, the operating 
conditions shall be chosen to differ substantially in engine speed. 
The number of operation conditions per vehicle in total is dependent 
on the vehicles technology and provided by the table below. 
 

 D-range M (locked) 
Automatic 
Transmissions 
(lockable) 

[5] [10] 

Automatic 
Transmissions 
(non-lockable) 

[15] n.a. 

Vehicles with only 
one gear 

[15] n.a. 

Manual 
Transmissions 

n.a. [15] 

 

 



2.5. Test of the vehicle 

2.5.1.  The path of 
the centreline of the vehicle 
shall follow line CC' as 
closely as possible 
throughout the entire test, 
starting from the approach 
of the reference point 
according to definition 2.11. 
of the main body to line AA' 
until the rear of the vehicle 
passes line BB'. 

At line AA' the accelerator 
shall be fully depressed. To 
achieve a more stable 
acceleration according 
definition 2.26.2. or to avoid 
a downshift between line 
AA' and BB' pre-
acceleration before line AA' 
may be used according to 
the provisions of 
paragraphs 3.1.2.1.2.1. and 
3.1.2.1.2.2. of Annex 3. The 
accelerator shall be kept in 
depressed condition until 
the rear of the vehicle 
reaches line BB'. 

In case of non-locked 
transmission conditions, the 
test may include a gear 
ratio change to a lower 
range and a higher 
acceleration. A gear change 
to a higher range and a 
lower acceleration is not 
allowed. 

If possible, the 
manufacturer shall take 
measures to avoid that a 
gearshift leads to a 
condition not in compliance 
with the boundary 
conditions. For that, it is 
permitted to establish and 
use electronic or 
mechanical devices, such 
as alternate gear selector 
positions. If no such 
measures can be applied, 
the rationale shall be 
provided and documented 
in the technical report. 

Table 1 in Appendix to 
Annex 3 provides examples 
for valid measures to 
control the downshift of 
gears. Any measure used 
by manufacturer for the 
above-mentioned purposes 

3.5 Test of the vehicle 
The path of the centerline of the vehicle shall follow line CC' as closely 
as possible throughout the entire test, starting from the approach of 
the reference point according to definition in paragraph 2.11. of the 
main body to line AA' until the rear of the vehicle passes line BB' + 20 
m. 
The accelerator shall be positioned such to achieve the requested 
operation condition for this run latest when the reference point of the 
vehicle reaches line AA’. The accelerator shall be kept in its position 
until the rear of the vehicle passes line BB'. The accelerator shall 
then be fully released between BB’ and BB’+ 5 m and kept in this 
released position until the rear of the vehicle passes the line 
BB’+20 m. 
 
3.5.2.  Non-locked transmissions 
In case of non-locked transmission conditions, the test may include a 
gear ratio change to a lower range and a higher acceleration under 
accelerated conditions.  
A gear ratio change to a higher range could occur under cruise and 
low load acceleration conditions. Such upshifts shall be avoided. The 
authority present during the test shall modify operation conditions so 
that these upshifts are avoided between AA’ and BB’. 
In the approach to line AA’, the vehicle shall be driven in a way to 
allow the transmission to stabilize the gear. 

 



 

shall be documented in the 
test report. 

 

For every separate test run, 
the following parameters shall 
be determined and noted: 
 

The maximum A-weighted 
sound pressure level of both 
sides of the vehicle, indicated 
during each passage of the 
vehicle between the two lines 
AA' and BB', shall be 
mathematically rounded to 
the first decimal place 
(Lwot,κj). If a sound peak 
obviously out of character 
with the general sound 
pressure level is observed, 
the measurement shall be 
discarded. Left and right side 
may be measured 
simultaneously or separately. 

The vehicle speed readings 
at AA' and BB' shall be 
reported with the first 
significant digit after the 
decimal place. (vAA,κj; vBB,κj) 

If applicable, the engine 
speed readings at AA' and 
BB' shall be reported as a 
full integer value (nAA,κj; 
nBB,κj). 

The calculated acceleration 
shall be determined in 
accordance to the formula in 
paragraph 3.1.2.1.2. of Annex 
3 and reported to the second 
digit after the decimal place 
(awot,test,κj). 

 

3.5.3.  Measurement readings 
Per operation condition, one test run is carried out. 
If a measurement within the control range is invalid due to background 
noise disturbances, wind gusts or other reasons, the measurement 
shall be discarded and repeated.  
For every test run, the following parameters shall be determined and 
noted: 
- The maximum A-weighted sound pressure level of both sides 
of the vehicle, indicated during each passage of the vehicle between 
the two lines AA' and BB' + 20 m, either measured simultaneously 
or separately shall be measured and shall be mathematically rounded 
to the first decimal place (Lwot,κj). (symbol to be checked) 
- The vehicle speed readings at lines AA' and PP’, when the 
vehicle reference point passes these lines, shall be rounded and 
reported with the first significant digit after the decimal place (vAA,κj; 
vPP,κj). (symbols to be checked) 
- The vehicle speed reading at lines BB', when the rear end of 
the vehicle passes this line, shall be rounded and reported with the 
first significant digit after the decimal place (vBB,κj). (symbols to be 
checked) 
- If applicable, the engine speed readings at line AA’ and 
BB' shall be rounded to 10 min-1 and reported (nAA,κj nBB,κj). 
(symbol to be checked) 

All measured values shall be entered into the test report sheet 
according to the table of Appendix 3 of this Annex. 

 

The most important modifications can be summarised as follows: 

The control range in terms of vehicle speed, gear selection and driving conditions will be 
extended significantly with one exception: The acceleration limitation will be restricted. 

The measurement distance is extended to AA’ to BB’ + 20 m in order to cover also backfire 
events. 

An even more important modification is planned for the calculation of the results and the conformity 
checks. The current method foresees 3 alternative methods (Slope-Assessment, Lurban Assessment 
and Reference sound assessment) that can be chosen by the manufacturer. 

The new conformity checks are based on a Sound Expectation Model, which uses the following 
calculation components: 

Calculate the Reference Tyre/Rolling Sound Level LREF,TR   

 



𝐿 , = 10 × 𝐿𝑂𝐺(𝑥 ∗ 10 . ,  ) 

 

Calculate the Reference Power Train Mechanics Sound Level LREF,PT   

 

𝐿 , = 10 × 𝐿𝑂𝐺((1 − 𝑥) ∗ 10 .  , ) 

 

Calculate the Reference Dynamic Sound Level LREF,DYN  

 

𝐿 , = 𝐿 , − 15 

 

Determine the Vehicle Dynamic Delta Sound Level ∆LDYN  

If the arithmetic sound level difference between the reported acceleration sound level LWOT,REP and 
the reported constant speed sound level LCRS,REP is at least 1.1 dB or higher, the vehicle dynamic 
delta sound level ∆LDYN is  calculated by  

 

∆𝐿 = 10 × 𝐿𝑂𝐺(10 .  , − 10 .  , ,  −  10 . , , )
− 𝐿 ,  

with 

𝐿 , , =  ,  ∗  𝐿𝑂𝐺(
𝑣 , ,

50
) +  𝐿 ,  

𝐿 , , =  ,  ∗  𝐿𝑂𝐺
(𝑛 , , + 𝑛 , )

(𝑛 , ,  +  𝑛 , )
+  𝐿 ,  

 

If the arithmetic sound level difference between the reported acceleration sound level LWOT,REP and 
the reported constant speed sound level LCRS,REP is less than 1,1 dB, the vehicle dynamic delta 
sound level ∆LDYN is  set to 10 dB(A).  

 

∆𝐿 = 10 𝑑𝐵(𝐴) 

For more details see GRBP-73-05 “Proposal for the 04 series of amendments to UN Regulation 
No. 51” 

This method is even more complex than the current ones. But all methods suffer from far too high 
tolerances especially for high powered vehicles, so that the effectiveness can be questioned. Even 
with the amendments as described in informal document GRBP-73-05 the situation remains 
unsatisfactory as long as the tolerances allow sound emission values that are higher than the limit 
values for N3 vehicles with Pn > 150 kW. It should not be accepted that a car can legally produce 
more noise than a heavy duty truck. 

 

 

 

 

 



 

References 
ACEM, 2009. Striving against Traffic Noise: How Powered Two-Wheelers can Contribute. 

www.acem.eu, Brussels, Belgium. 

ACEA – European Automobile Manufacturers Association, 2012, Setting the right sound levels, 
https://www.acea.be/uploads/publications/Sound_Levels_of_Motor_Vehicles.pdf 

ACEA, 2019, Tyre Performance Study Noise VS other performances, UTAC CERAM, 12/09/2019- 
GRBP, 70th, http://www.unece.org/trans/main/wp29/wp29wgs/wp29grb/grbinf70.html 

ATKINS, JACOBS, 2019, Task 696 Roadside Vehicle Noise Measurements, Phase 1 Study Report 
and Technology Recommendations. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/fi
le/805940/roadside-vehicle-noise-measurement-phase-1-study-report-and-technology-
recommendations.pdf 

Bendtsen, H., Fryd, J., Sjøvold. J., Bermlid, J., Rasmus Stahlfest Holck Skov, 2018, NordTyre - the 
potential for noise reduction using less noisy tyres and road surfaces, 
https://www.unece.org/fileadmin/DAM/trans/doc/2018/wp29grb/GRB-68-09e.pdf  

de Graaff, E., van Blokland, G., M+P group, 2014, Tyre noise limits of EC/661/2009 and ECE 
R117: Evaluation based on sold tyres in the Netherlands. 

de Roo, F., M.G. Dittrich, P.J.G. van Beek, C. Bosschaart, G.B. Derksen, M. de Kievit, 2011. 
“VENOLIVA - Vehicle Noise Limit Values - Comparison of two noise emission test methods –
Final Draft II”. Specific Contract No SI2.545143 implementing Framework Contract No 
ENTR/05/18, TNO report MON-RPT-2010-02103, Version 11 January 2011. 
https://circabc.europa.eu/sd/a/83f00b66-f593-414a-9695-f537879a46fe/report-venoliva_en.pdf 

de Roo, F., Dittrich, M.G., 2013. “EU Regulation on the sound level of motor vehicles Impact 
analysis of various limit value sets for the purpose of decision making”, TNO report TNO 060 
DNV 2013 01631, 24 September 2013. 

de Roo, F., Dittrich, M., Bosschaart, C., Berry, B., 2012 Reduction of vehicle noise emission - 
Technological potential and impacts, TNO Report TNO-DV 2012 C100, 
https://www.transportenvironment.org/sites/default/files/media/TNO-DV-2012-C100%20-
%20Vehicle%20noise%20reduction%20-%20Potential%20and%20impacts%20-%20Final_0.pdf 

de Roo, F., van Beek, P., 2014, New EU Regulation on the sound level of motor vehicles, Noise 
News International, 
https://www.ingentaconnect.com/content/ince/nni/2014/00000022/00000001/art00001  

Dittrich, M.G., de Roo, F., Van Zyl, S., Sliggers, J., 2015. “Triple A Tyres for Cost effective Noise 
Reduction in Europe”. Proceedings Euronoise 2015, Maastricht. 

Dittrich, M.G., Sliggers, J., 2015, “A Policy Indicator for Road Traffic Noise”, Informal document 
GRB 62 14, http://tinyurl.com/q 6kvlmj, 62nd GRB, Geneva. 

Dittrich, M.G., Sliggers, J., 2016, A Policy Indicator for Road Traffic Noise Emission, Proceedings 
Internoise 2016, Hamburg. 

Donaldson Company Inc., 2015. Exhaust product guide for medium- & heavy-duty vehicles and 
equipment. 

FEHRL Report, 2006, Study SI2.408210, Tyre/Road Noise. 

German Position on new limit values for 03 series of amendments to Regulation No. 51, Informal 
document GRB-54-03 (54th GRB, 19-21 September 2011 agenda item 3(b)) 
https://www.unece.org/fileadmin/DAM/trans/doc/2011/wp29grb/ECE-TRANS-WP29-GRB-54-
inf03e.pdf 



Ejsmont, J., Berge, T., Świeczko-Żurek, B., 2016, Influence of measuring conditions on tyre/road 
noise. 

EU/ CE Delft, Handbook on the external costs of transport, January 2019. 

Gasparoni, S., Czuka, M., Wehr, R., Conter, M., Pallas, M. A., Berengier, M., 2016 Impact of low-
noise tyres on electric vehicle noise emission. 

Hammer, E., Egger, S., Saurer, T., Bühlmann, E., 2016, Traffic noise emission modelling at lower 
speeds. 

Milford, I., Aasebo, S. J., Strommer, K., 2012, Value for money in road traffic noise abatement. 

Müller, G., Möser, M., 2013. Handbook of Engineering Acoustics. Springer-Verlag, Berlin, 
Heidelberg, 2013. https://doi.org/10.1007/978-3-540-69460-1 

Noise and Emissions Monitoring and radical mitigation (NEMO), H2020-MG-2018-2019-2020. 
Mobility for Growth. Smart, green and integrated transport RIA Research and Innovation action. 
LC-MG-1-9-2019 

NordFoU, 2018, Potential society effects of regulation tyre/road noise – Summary report of the  
NordTyre projects. 

Ögren, M., Molnár, P., Barregard, L., 2017 Road traffic noise abatement scenarios in Gothenburg 
2015 – 2035. 

Pardo, L. F., Steven, H., 2010, Monitoring procedure in the vehicle noise regulation, ECE R 51 
noise monitoring database and cost/benefit analysis. 

Steven, H. – HSDAC, The noise emission model TRANECAM, developed for the German 
Environment Agency (UBA), which was further amended within projects funded by the 
Norwegian Authorities and the EC. The current version contains already all future limit steps 
foreseen in Regulation (EU) No 540/2014. 

Steven, H., 2007, Analysis of pass-by noise measurement results for the development of additional 
sound emission provisions for ECE R51. 

Steven, H., 2012, Proposal for a Limit Value Reduction Scenario for Road Vehicles compatible with 
the German National Traffic Noise Prevention Package II. 

Steven, H., 2014, Assessment of the impacts of the EU Directive 540/2014 on the traffic noise 
impact in real traffic. 

Tan Li, 2018, Literature review of tire-pavement interaction noise and reduction approaches 

van Beek, P., de Roo, F., Dittrich, M., 2011, Revision of the vehicle noise emission test method – a 
serious need for serious changes 

Internet sources 

https://ec.europa.eu/environment/basics/health-wellbeing/noise/index_en.htm (Noise pollution 
in the EU). 

https://www.eea.europa.eu/themes/human/noise (EEA noise web page). 

http://www.transportenvironment.org/sound-investment-reduce-vehicle-noise (list of noise 
concerned citizens/cities in EU). 

http://www.acea.be/industry-topics/tag/category/type-approval  
(Type approval framework). 

http://www.dft.gov.uk/vca/additional/files/vehicle-type-approval/vehicle-type-
approval/vca004.pdf (European Type Approval for Automotive Systems and Components). 

https://www.smmt.co.uk/wp-content/uploads/sites/2/Presentation-Worcester.pdf (Type 
Approval Workshop-Presentation). 



 

https://www.bksv.com/-/media/literature/Conference-Paper/bn1476.ashx 
(Estimating Contributions of Vehicle Pass-by Noise Sources) 

https://link.springer.com/article/10.1007%2FBF00159677 
(Analysis of highway noise). 

UNECE, Additional Sound Emission Provisions (ASEP) 
https://wiki.unece.org/pages/viewpage.action?pageId=2523476 

Fuel types of new cars: petrol +6.1%, diesel -14.1%, electric +51.8% in third quarter of 2019, ACEA 
https://www.acea.be/press-releases/article/fuel-types-of-new-cars-petrol-6.1-diesel-14.1-
electric-51.8-in-third-quarte 

LEO project reports 
http://www.leo.mech.pg.gda.pl/?q=node/23 

Type approval databases  

Dutch RDW database, see https://opendata.rdw.nl/en/Voertuigen/Open-Data-RDW-

Gekentekende_voertuigen/m9d7-ebf2 

German KBA database (German only), „Emissionsdatenbank für die CO2-Emissions- und 
Kraftstoffverbrauchs-Typprüfwerte aller vorliegenden Fahrzeugklassen“. This database contains 
also sound emission and exhaust emission type approval values for vehicle types. An extract of this 
data up to a chosen reporting year can be ordered from the KBA 

(https://www.kba.de/EN/Home/home_node.html) 



Annex I: Questionnaires for the feedback 
gathering 

Questionnaire for technical entities 

 

Questionnaire on 
“Study on sound level limits of M- and N-category 

vehicles” 

Background 
The European Commission (DG GROW)71 has assigned EMISIA72 (GR), FEV73 (DE), TNO74 (NL), and 
HSDAC75 (DE) with the task to investigate current sound emission levels of M- and N-category 
vehicles and propose 

possible new (improved) sound level limits for M- and N-category vehicles, 

taking into account the evolution of sound levels of approved vehicle types, the citizens’ needs, and 
the technical and economic feasibility in the medium term range. The possible new (improved) 
sound emission level limits to be proposed will be accompanied by an appropriate timeframe for 
their application. The outcome of this study is expected to address new sound emission level limits 
that may be adopted in the EU legislation. The ultimate objective is to protect the environment and 
human health, by providing the best possible sound level range of M- and N-category vehicles and 
contributing in the reduction of the so-called ‘noise pollution’ and real-world traffic noise. 

Our consortium would like to thank all parties interested in this questionnaire. 

Overview of the questionnaire 
Since our current study focuses on sound level limits of M- and N-category vehicles, the 
questionnaire at hand aims at collecting your input with regard to the following aspects of sound 
emitted from these vehicles: 

- Technical issues related to sound level limits: current technology used, technical differences 
related to sound control of different vehicle types, type approval testing procedure and 
conditions, estimate for possible new (improved) sound limits, issues related to ASEP. 

- Contribution of M- and N- category vehicle components to sound emissions: what is the main 
sound source, what is the contribution of each component (tyres, powertrain and 
transmission), more engineering insights on technological possibilities to reduce sound 
emissions. 

- Cost/benefit impact from a (possible) expected sound emissions reduction: costs associated 
with a possible introduction of new (improved) sound emission level limits, environmental 
benefits, improved citizens’ health, focus on urban and quiet rural areas. 
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What we need from you – guidelines 
 Please feel free to answer only the questions you are familiar with. We understand that 

there is a diverse set of questions and some of them are highly technical, so it is ok if you 
do not address all of them. 

 You can substantiate your input (if possible) by documents, references to literature and 
practical examples, own measurements, or any other suitable information that can help 
improve the legislation. 

 If you think it takes too much time to fill in the questionnaire or that it does not provide 
the framework of what you would like to respond to, please arrange a phone call with Mr. 
Nikos Kapetanios (nikos.k@emisia.com,  +30 2310 804085) or Dr. Leonidas Ntziachristos 
(leon@auth.gr,  +30 2310 996003). 

 Feel free to forward the questionnaire to other relevant experts in your 
company/institution. 

 We would appreciate receiving your feedback until 31 January 2020. 
  



Questions 
Section 1: Technical issues related to sound limits 

Current status 
Regulation (EU) No 540/2014 sound emission limits and Regulation (EU) No 117 approval of tyres 

with regard to rolling sound emissions 

Q1. Do you believe that current sound emission limits are easily achievable with existing technology 
for each one of the following categories? 

_ M1 cars                     □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ M2 small buses        □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ M3 heavy buses       □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N1 vans                     □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N2 small trucks        □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N3 heavy trucks       □ Yes                       □ No                       □ Par ally                       □ I don’t know 

Please justify your answer: 

 

Q2. According to your opinion, is there one (or more) M- or N-category vehicle type(s) for which 
achieving the current sound limits is difficult due to technical complications? If yes, which one(s)? 

□ Yes                                □ No                              □ I don’t know 

Please justify your answer: 

 

Q3. Do you believe that there are differences in the kind of the current technological solutions used 
for achieving the sound level limits of the different M- and N-categories, as mentioned in Q1? 

□ Yes                                □ No                              □ I don’t know 

Please specify: 

 

Q4. If you answered “Yes” in Q3, do you believe that the differences in the technological solutions 
used for the various M- and N-category vehicle types are due to (multiple positive replies are 
possible): 

_ different sound emission limits.                                              □ Yes                                □ No 

_ different size of the engine.                                                     □ Yes                                □ No 

_ different engine speed (rpm).                                                  □ Yes                                □ No 

_ different powertrain and drivetrain topology.                     □ Yes                                □ No 

_ different silencer implementation.                                        □ Yes                                □ No 

_ other reasons (please specify). 



 

Please justify your answer: 
 

Q5. Could you please shortly describe what is the current (state-of-the-art) technological solutions 
used for achieving the sound level limits per vehicle type, as mentioned in Q1? For example, 
expansion chambers in silencers, ECUs, shielding, intake/exhaust design, engine design and 
optimisation for noise and vibration, gearing regime and engine speed. 

Please specify: 
 

Q6. Do you believe that there are specific technical difficulties related to the type approval testing 
procedure and conditions, either for the in-motion test or the stationary one? For example, issues 
related to test site and test execution specifications, weather conditions, background noise 
correction, measurement method and sound level determination. 

□ Yes                                □ No                              □ Partially                          □ I don’t know 

Please justify your answer: 

 

Possibly improved (lower) M- and N-category vehicle sound emission limits 

Q7. Considering that sound level limits need to be improved, what kind of range of limits could 
potentially be achieved? 

□ 1-2 dB lower for all M- and N-categories                    □ 2-5 dB lower for all M- and N- categories 

□ >5 dB lower for all M- and N-categories                     □ Depends on vehicle type (please specify) 

□ Other (please specify)                                                    □ I don’t know 

Please justify your answer: 

 

Q8. What could be the main technical difficulties expected from improved (lower) sound emission 
level limits? 

Please specify, if possible by vehicle type: 

 

Q9. In case that you noted technical difficulties in Q8, what kind of additional technical features 
would be required in order to reach lower sound limits? 

Please specify: 

 

Q10. According to your opinion, what is the time period required for the industry to adapt to new 
(improved) sound limits? What is the order of achievable reduction from actual sound emission level 
limits for this time period? 

Please specify: 
 

 

Sound emissions from tyres 



Q11. According to your knowledge, are there tyres in the market that contribute to the reduction of 
total vehicle sound emissions, without a serious negative impact on wet grip and rolling resistance? 

 

□ Yes                                □ No                              □ I don’t know 

Please justify your answer: 

        

Q12. In case you did not reply positively to Q11, do you believe it is possible to improve the sound 
emission performance of tyres, without serious influence on their wet grip and rolling resistance? If 
yes, how and which could be the reduction in sound emissions?  

□ Yes                                □ No                              □ I don’t know 

Please justify your answer:                

 
 

Q13. Do you believe that consumers prefer tyres with lower sound rating? If no, what are the main 
reasons, e.g. cost, concern about safety, other? 

□ Yes                                □ No                              □ I don’t know 

Please specify: 

 

Additional sound emission provisions (ASEP) 

Q14. Do you believe that ASEP (additional sound emission provisions), as set out in Regulation (EU) 
No. 540/2014 for M1 and N1 vehicles, is an effective provision, i.e., ensures that the sound emitted 
in real world driving conditions is in line with the sound emitted during the type approval test? 

□ Yes                                □ No                              □ Partially                          □ I don’t know 

Please justify your answer: 

 

Q15. Do you believe that ASEP should be introduced for other M- and N-category vehicle types? 

□ Yes                                □ No                          □ Other (please specify)        □ I don’t know 

Please justify your answer: 

 

Q16. Do you think that ASEP should become mandatory as part of the type-approval procedure? 

□ Yes                                □ No             □ I don’t know 

Please specify: 



 

 

Q17. What are your suggestions for the most effective ASEP application, i.e., in order to more 
thoroughly address real driving vehicle sound control under a wider range of real-world operating 
conditions? For your reference we provide the most recent work of the GRBP IWG ASEP. 

Please specify: 

 

 

Section 2: Contribution of M- and N-category vehicle components to sound emissions 

Q18. Can you rate from 1 (most contributing) to 5 (less contributing) the main sources responsible 
for the sound emissions? If you consider more than one sources as equally contributing to sound 
emissions, you may rate it with the same mark. 

M1 cars 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

M2 small buses 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

M3 heavy buses 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

N1 vans 

 The exhaust                                             The transmission system 



 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

N2 small trucks 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

N3 heavy trucks 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

Q19. Do you believe that there are other components, not mentioned in Q18, that have a significant 
contribution to sound emissions? 

Please specify: 

 

Q20. What could be the methodology in order to identify the individual contribution of different 
sources in overall sound emissions? For example, by suppressing each source individually and 
checking the difference between the individual successive configurations sound levels, other? 

Please specify: 

 

Q21. Do you believe that lowering the sound limits of M- and N-category vehicles would result in 
making certain sound source(s) on the vehicles increasingly important? 

□ Yes                                □ No                              □ Partially                          □ I don’t know 

Please justify your answer: 



 

 

Q22. In any case, what would be your proposal for reducing the sound emitted from the non-exhaust 
sources and components in M- and N-category vehicles? 

Please specify: 

 

Section 3: Cost/benefit impact from a (possible) expected sound emissions reduction 
New vehicles 

Q23. According to your opinion, the contribution of lower sound limits of M- and N-category vehicles 
in protecting the environment and human health would be: 

□ High                                □ Low                              □ Medium                          □ I don’t know 

Please justify your answer: 
 

Q24. Do you believe that lower sound limits of M- and N-category vehicles could contribute to the 
reduction of individual special noise events? For example, noisy pass-by vehicles in villages and quiet 
rural areas, noisy events during weekends and holiday periods, real-world traffic noise (in congested 
urban areas), and better individual vehicle sound control. 

□ Yes                                □ No                              □ Partially                          □ I don’t know 

Please justify your answer: 

 

Q25. Could you please provide an indicative estimate of the cost that will be possibly incurred from 
the introduction of lower sound emission level limits for the new M- and N-category vehicles? Your 
answer may be given as an absolute value (in €) or relative to expected sound emissions reduction (in 
€/dB(A)) and may include investment and R&D costs, manufacturing and technology costs, repair and 
maintenance costs, additional testing costs, other. 

Please specify: 

 

Existing fleet 

Q26. Do you believe that lower sound limits could apply to the existing fleet through suitable vehicle 
adaptations? 

□ Yes                                □ No                              □ Partially                          □ I don’t know 

Please justify your answer: 
 

Q27. In continuation of Q26, could you provide an indicative cost estimate (e.g. in €/vehicle), so that 
an existing vehicle can adapt to lower reference values (i.e., same reduction as in Q7)? 

Please specify: 
 
 
References and other points 

Q28. Please provide any other comments or remarks not addressed above. 



 

 

Q29. Please provide references for further details to the extent possible (documents, literature, 
practical examples, own measurements). 

 

 

 
Personal and institutional information 

Q30.Please state your name, company/institution and responsibility, e-mail, telephone number. 

Name: 

Affiliation: 

Responsibility: 

E-mail: 

Tel. number: 

Web site: 

 
Consent to the processing of your personal data for purposes other than this consultation 

Regulation (EU) 2018/1725 obliges the EU Institutions to guarantee an equivalent level of protection as the 
EU General Data Protection Regulation (EU) 2016/679 when they are processing personal data. Unit  C.4 – 
Automotive and Mobility Industries of Directorate – General for Internal Market, Industry, Entrepreneurship 
and SMEs of the European Commission is handling your personal data for the purposes of the Questionnaire 
on “Study on sound level limits of M- and N-category vehicles” in accordance with the principles of Regulation 
(EU) 2018/1725, and as detailed in the privacy statement.  

In line with the provisions of this Regulation, we would like to ask for your explicit consent to process your 
personal data for the following additional purpose:   

☐ become part of a contacts database with the purpose of facilitating the interaction between the 
Commission and its stakeholders on the topic of the consultation 

The unticked box means that you do not give your agreement for processing your personal data for the 
corresponding purpose. 

By ticking the box, you accept that you have read and understood the privacy statement. Your reply will be 
kept by the European Commission as evidence of your consent. 

You can freely withdraw your consent at any time by using the contact details mentioned in the privacy 
statement. In that case, all processing operations that were based on your consent and took place before the 
withdrawal of consent remain valid. 

In case of disagreement with us, you can also contact the Data Protection Officer of the Commission at 
DATA-PROTECTION-OFFICER@ec.europa.eu. 
 
  



 

Questionnaire for social partners 

Questionnaire on 
“Study on sound level limits of M- and N-category 

vehicles” 

Background 
The European Commission (DG GROW)76 has assigned EMISIA77 (GR), FEV78 (DE), TNO79 (NL), and 
HSDAC80 (DE) with the task to investigate current sound emission levels of M- and N-category 
vehicles and propose 

possible new (improved) sound level limits for M- and N-category vehicles, 

taking into account the evolution of sound levels of approved vehicle types, the citizens’ needs, and 
the technical and economic feasibility in the medium-term range. The possible new (improved) 
sound emission level limits to be proposed will be accompanied by an appropriate timeframe for 
their application. The outcome of this study is expected to address new sound emission level limits 
that may be adopted in the EU legislation. The ultimate objective is to protect the environment and 
human health, by providing the best possible sound level range of M- and N-category vehicles and 
contributing in the reduction of the so-called ‘noise pollution’ and real-world traffic noise. 

Our consortium would like to thank all parties interested in this questionnaire. 

Overview of the questionnaire 
Since our current study focuses on sound level limits of M- and N-category vehicles, the 
questionnaire at hand aims at collecting your input with regard to the following aspects of sound 
emitted from these vehicles: 

- Environmental and health impacts: effects of excessive sound emission levels (noise) from 
cars, vans, trucks and buses on the environment and on citizens’ health and quality of life. 

- Suggestions for improvement of sound emission performance: contribution of M- and N-
category vehicle components to sound emissions (tyres, powertrain, transmission), 
possibilities to reduce sound emissions, market surveillance and enforcement. 

What we need from you 
 Please feel free to answer only the questions you are familiar with. We understand there is 

a diverse set of questions, so it is ok if you do not address all of them. 
 You can substantiate your input (if possible) by documents, references to literature and 

practical examples, own measurements, or any other suitable information that can help 
improve the legislation. 

 If you think it takes too much time to fill in the questionnaire or that it does not provide 
the framework of what you would like to respond to, please arrange a phone call with Mr. 
Nikos Kapetanios (nikos.k@emisia.com,  +30 2310 804085) or Dr. Leonidas Ntziachristos 
(leon@auth.gr,  +30 2310 996003). 

 Feel free to forward the questionnaire to other relevant experts in your 
company/institution. 
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 We would appreciate receiving your feedback until 31 January 2020.  



 

Questions 
Section 1: Environmental and health impacts of sound emissions from M- and N-category vehicles 

Q1. Do you consider excessive sound emission levels (noise) from the vehicles listed below to be a 
significant problem in your everyday life? 

_ M1 cars:                     □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ M2 small buses:        □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ M3 heavy buses:      □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N1 vans:                     □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N2 small trucks:        □ Yes                       □ No                       □ Par ally                       □ I don’t know 

_ N3 heavy trucks:       □ Yes                       □ No                       □ Par ally                       □ I don’t know 

Please justify your answer: 

 

Q2. Based on your answers in Q1, do you consider that the excessive sound comes from: 

□ individual events (the minority of passing vehicles)   

□ the total of the traffic flow 

Please specify: 

Q3. With reference to Q1, which areas do you consider that are mostly affected? 

_ M1 cars:                 □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

_ M2 small buses:    □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

_ M3 heavy buses:   □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

_ N1 vans:                 □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

_ N2 small trucks:    □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

_ N3 heavy trucks:   □ Urban                  □ Rural                  □ Motorways                  □ All                  □ None 

Please justify your answer: 

 

With reference to Q1: 

Q4a. During which period of year do you consider that the problem is more intense? 

□ Work days               □ Weekends               □ Holiday periods               □ All               □ None 

Please justify your answer: 

 

Q4b. When do you consider that excessive vehicle sound emissions (noise) are experienced? 

□ During the day               □ In the evening               □ At night                

Please justify your answer: 

 

Q4c. What is the effect of excessive vehicle sound emissions (noise)? 



□ Annoyance               □ Disturbance              □ Concentration loss               □ Sleep disturbance               

□ Awakening 

Please justify your answer: 

 

Q5. Would you be willing to pay for a quieter neighbourhood with less traffic noise? 

□ Yes               □ No                     □ I don’t know                

 

Please justify your answer:           

 

Q6. Do you believe that the value of a dwelling in a quiet neighbourhood is higher compared to a 
similar one in a noisier neighbourhood and by what percentage? 

□ Yes               □ No                     □ I don’t know                

 

Please justify your answer:           

 

Q7. As a pedestrian or cyclist, which of the vehicles listed below do you consider as being more 
threatening because their excessive sound emission levels (noise) distracts your attention? 

_ M1 cars:                        □ Yes                       □ No                       □ Not a problem 

_ M2 small buses:          □ Yes                       □ No                       □ Not a problem 

_ M3 heavy buses:        □ Yes                       □ No                       □ Not a problem 

_ N1 vans:                       □ Yes                       □ No                       □ Not a problem 

_ N2 small trucks:          □ Yes                       □ No                       □ Not a problem 

_ N3 heavy trucks:         □ Yes                       □ No                       □ Not a problem 

Please justify your answer: 

 

Q8. If you are a passenger/driver of one (or more) M- or N-category vehicle(s), how would you rate 
the sound emissions of your vehicle(s)? 

 

□ Satisfactory    □ I want this to be louder    □ Needs to be more silent     □ Other (please 
specify) 

 

Please indicate the type of vehicle: 

 

Section 2: Suggestions for improvement of sound emission performance 

Q9. Can you rate from 1 (most contributing) to 5 (less contributing) the main sources responsible for 
the sound emissions? If you consider more than one sources as equally contributing to sound 
emissions, you may rate it with the same mark. 



 

M1 cars 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

M2 small buses 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

M3 heavy buses 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

N1 vans 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

N2 small trucks 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               



Please justify your answer: 

 

N3 heavy trucks 

 The exhaust                                             The transmission system 

 The engine                                               The intake 

 The tyres                                               

Please justify your answer: 

 

Q10. If you believe that sound emissions from M- and N-category vehicles is a problem in everyday 
life, can you rate from 1 (main responsible) to 4 (less responsible) who you consider as responsible 
for this? 

 The ineffective regulations                 The weak enforcement of regulations 

 The vehicles’ technology                    The driving behaviour of the drivers 

Please justify your answer: 

 

Q11. If you believe that there are elements of the regulation that are ineffective, would you like to 
make specific suggestions for improvement? 

 

Please specify: 

 

Q12. Would you like to make specific suggestions for improvement of the market surveillance, 
monitoring and enforcement procedure? 

 

Please specify: 

 

Q13. Would you be willing to spend more money when purchasing a vehicle of M- or N-category for 
better control of its sound emissions? If yes, what would you consider a reasonable increase in price 
(your answer can be expressed in percentage of the cost of the current vehicle or in euros)?  

□ Yes                                     □No                          □ Other (please specify) 

Please justify your answer:           
 

References and other points 

Q14. Please provide any other comments or remarks not addressed above. 

 



 

Q15. Please provide references for further details to the extent possible (documents, literature, 
practical examples, own measurements, etc). 

 

 
Personal and institutional information 

Q16.Please state your name, company/institution and responsibility, e-mail, telephone number. 

Name: 

Affiliation: 

Responsibility: 

E-mail: 

Tel. number: 

Web site: 

 
Consent to the processing of your personal data for purposes other than this consultation 

Regulation (EU) 2018/1725 obliges the EU Institutions to guarantee an equivalent level of protection as the 
EU General Data Protection Regulation (EU) 2016/679 when they are processing personal data. Unit  C.4 – 
Automotive and Mobility Industries of Directorate – General for Internal Market, Industry, Entrepreneurship 
and SMEs of the European Commission is handling your personal data for the purposes of the Questionnaire 
on “Study on sound level limits of M- and N-category vehicles” in accordance with the principles of Regulation 
(EU) 2018/1725, and as detailed in the privacy statement.  

In line with the provisions of this Regulation, we would like to ask for your explicit consent to process your 
personal data for the following additional purpose:   

☐ become part of a contacts database with the purpose of facilitating the interaction between the 
Commission and its stakeholders on the topic of the consultation 

The unticked box means that you do not give your agreement for processing your personal data for the 
corresponding purpose. 

By ticking the box, you accept that you have read and understood the privacy statement. Your reply will be 
kept by the European Commission as evidence of your consent. 

You can freely withdraw your consent at any time by using the contact details mentioned in the privacy 
statement. In that case, all processing operations that were based on your consent and took place before the 
withdrawal of consent remain valid. 

In case of disagreement with us, you can also contact the Data Protection Officer of the Commission at 
DATA-PROTECTION-OFFICER@ec.europa.eu. 



Annex II: Processing of responses 
(Please see attached excel spreadsheet file) 

Questionnaire responses from social partners (File: Social partners questionnaire.xlsx) 

Questionnaire responses from technical entities (File: Technical entities questionnaire.xlsx) 

Email response from the Norwegian public roads administration (File: Norwegian public roads 
administration- Questionnaire response.msg). 



 

Annex III: Cumulative frequency of the type 
approval level in dB (A) – KBA and RDW 
databases 

KBA 

 

Figure 104: Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR≤100 kW/t. 

 

Figure 105: Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR>100 kW/t. 



 

Figure 106: Cumulative frequency of the type approval level in dB (A) for N1 vehicles with GVM≤2500 kg. 

 

Figure 107: Cumulative frequency of the type approval level in dB (A) for N1 vehicles with GVM>2500 kg. 

 
 
 
 
 
There are not enough data in the KBA database to produce the same type of graphs for M2 
vehicles. 
 



 

 

Figure 108: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with PN≤135 kW. 

 

Figure 109: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with PN>135 kW. 



 

Figure 110: Cumulative frequency of the type approval level in dB (A) for M3 vehicles with 150 kW<PN≤ 250 
kW. 

 

 

Figure 111: Cumulative frequency of the type approval level in dB (A) for M3 vehicles with PN> 250 kW. 

 

 

 



 

 

 

Figure 112: Cumulative frequency of the type approval level in dB (A) for N3 vehicles with 150 kW<PN≤ 250 
kW. 

 

Figure 113: Cumulative frequency of the type approval level in dB (A) for N3 vehicles with PN> 250 kW. 

  



RDW 

 

Figure 114: Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR≤ 120 kW/ton. 

 

 

Figure 115: Cumulative frequency of the type approval level in dB (A) for M1 vehicles with 120<PMR≤ 160 
kW/ton. 



 

 

Figure 116: Cumulative frequency of the type approval level in dB (A) for M1 vehicles with PMR> 160 kW/ton. 

 

Figure 117: Cumulative frequency of the type approval level in dB (A) for N1 vehicles with GVM≤2500 kg. 



 

Figure 118: Cumulative frequency of the type approval level in dB (A) for N1 vehicles with GVM>2500 kg. 

 

 

Figure 119: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with PN≤135 kW. 



 

 

Figure 120: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with 135 <PN≤250 kW. 

 

 

Figure 121: Cumulative frequency of the type approval level in dB (A) for M2 vehicles with PN≤150 kW. 



 

Figure 122: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with 150 <PN≤250 kW. 

 

Figure 123: Cumulative frequency of the type approval level in dB (A) for N2 vehicles with PN>250 kW. 



 

 

Cumulative frequency of the type approval level in dB (A) for N3 vehicles with PN>250 kW. 

 
  



Annex IV: Detailed Results R51.03 
 

 

 

 

 

 

Test Vehicle Pass-by test according to: UN/ECE R51-03
Roadster Manual Transmission

Run a WOT
4. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 69,3 70,5 46,7 50,0 55,7 1876 2023 2242 1,45
2 69,7 70,2 46,0 49,9 55,8 1887 2020 2256 1,57
3 68,8 70,4 46,1 49,8 55,6 1858 2013 2249 1,52
4 69,5 70,3 45,7 49,9 55,9 1895 2023 2261 1,63

  Avg. 69,3 70,4 46,1 49,9 55,8 1879 2020 2252 1,54

Run a WOT
4. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,0 66,1 49,9 49,9 50,1 1997 1990 1994 0,03
6 65,8 66,2 50,0 50,3 50,0 2000 2007 2008 0
7 66,1 66,3 49,4 50,0 49,9 1993 1992 1988 0,08
8 66,1 66,1 50,0 49,6 49,2 2004 1981 1989 -0,12

 Avg. 66,0 66,2 49,8 50,0 49,8 1999 1993 1995 0,00

(i)  PMR = 125,82  Air Temp. 24 [°C]
 Gear = 3  aurban = 1,23 [m/s²]  Track Temp. 29 [°C]

 awot = 1,54 [m/s²]  awot(ref) = 1,93 (1,74-2,12) [m/s²]  Air Pressure  996 [hPa]
 Lwot = 70,4 [dB(A)]  kp = 0,20
 Lcrs = 66,2 [dB(A)]

Final Result  Power 135 [kW]

 Lwot(rep) = 70,4 dB(A)  Rated Speed 7000 [1/min]

 Lcrs(rep) = 66,2 dB(A)  Test Weight 1073 [kg]

 Lurban = 69,6 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

 

 

 

Test Vehicle ASEP
Roadster Additional Additional

Gear 2 Gear 3 Gear 4 Gear 5
P1 nBB 3810 2125 1431 1143

vBB 49,6 41 35,5 35,4
Awot 3,21 1,94 1,29 1,03

Measurment Level 72,2 67,3 62,9 63,5

∆Lurban_ASEP -1,0 -1,4 -4,4 -4,4
L_ASEP_limit resolting from ∆Lurban_limit 81,2 73,2 70,0 69,2

LASEP_kj 74,5 70,0 65,6 63,9

L_ASEP_kj_Limit 75,9 71,4 67,0 65,3

P2 nBB 4177,0 2615,0 1838,0 1551,0
vBB 53,6 50,0 45,4 47,4
Awot 3,3 2,2 1,6 1,1

Measurment Level 73,1 70,8 66,7 67,3

∆Lurban_ASEP -1,3 -0,8 -2,3 -1,8
L_ASEP_limit resolting from ∆Lurban_limit 83,0 76,6 72,8 71,2

LASEP_kj 75,5 72,2 68,0 66,3
L_ASEP_kj_Limit 76,9 73,6 69,4 67,7

P3 nBB 4288,0 3083,0 2295,0 1915,0
vBB 55,0 59,5 56,6 58,6
Awot 3,2 2,3 1,6 1,2

Measurment Level 74,0 73,4 70,9 70,2

∆Lurban_ASEP -1,2 -1,0 -0,9 -0,5

L_ASEP_limit resolting from ∆Lurban_limit 83,2 79,7 75,3 73,0

LASEP_kj 75,8 74,6 70,7 68,4
L_ASEP_kj_Limit 77,2 76,0 72,1 69,8

P4 nBB 74,3 74,3 71,8 72,8
vBB 59,9 69,8 68,3 69,6
Awot 3,2 2,3 1,8 1,4

Measurment Level 74,3 74,3 71,8 72,8

∆Lurban_ASEP -1,8 -1,9 -2,3 -0,5
L_ASEP_limit resolting from ∆Lurban_limit 85,4 82,2 78,6 76,0

LASEP_kj 76,6 77,3 74,7 70,6

L_ASEP_kj_Limit 78,0 78,7 76,1 72,0

Reference sound assesment
Lref_limit 79 dB(A)

Lref_Measurement 72,2 dB(A)
Lref_Simulation 71,3 dB(A)

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 2,4dB

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 2,4dB

Slope-Assessment

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 2,4dB

Lurban Assesment ∆Lurban_limit = 2,4dB



 

 

 

Test Vehicle Pass-by test according to: UN/ECE R51-03
Hot Hatchback Individual mode

Run a WOT
4. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 70,3 70,0 46,5 49,8 55,3 1618 1740 1947 1,41
2 70,2 69,5 47,0 50,3 55,9 1647 1758 1966 1,44
3 69,8 69,6 46,3 49,9 55,7 1622 1743 1958 1,51
4 70,2 70,2 47,5 50,8 56,5 1651 1771 1984 1,48

  Avg. 70,1 69,8 46,8 50,2 55,9 1635 1753 1964 1,46

Run a WOT
4. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 67,5 67,8 49,3 49,8 49,3 1728 1730 1727 0
6 67,4 67,3 49,2 49,5 49,1 1721 1717 1716 -0,02
7 67,6 67,4 49,3 49,5 50,0 1724 1730 1739 0,11
8 67,6 67,5 49,6 49,7 49,6 1734 1741 1734 0

 Avg. 67,5 67,5 49,4 49,6 49,5 1727 1730 1729 0,02

(i)  PMR = 182,84  Air Temp. 23 [°C]
 Gear =  aurban = 1,34 [m/s²]  Track Temp. 32 [°C]

 awot = 1,46 [m/s²]  awot(ref) = 2,19 (1,97-2,41) [m/s²]  Air Pressure  1001 [hPa]
 Lwot = 70,1 [dB(A)]  kp = 0,08
 Lcrs = 67,5 [dB(A)]

Final Result  Power 294 [kW]

 Lwot(rep) = 70,1 dB(A)  Rated Speed 5850 [1/min]

 Lcrs(rep) = 67,5 dB(A)  Test Weight 1608 [kg]

 Lurban = 69,9 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Pass-by test according to: UN/ECE R51-03
Hot Hatchback comfort mode

Run a WOT
4. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 70,2 69,9 46,1 49,7 55,6 1644 1746 1957 1,52
2 70,0 70,1 47,4 50,7 56,5 1655 1777 1984 1,49
3 70,0 69,5 46,1 49,8 56,0 1619 1740 1963 1,59
4 69,6 69,4 46,5 49,5 55,3 1605 1729 1944 1,41

  Avg. 70,0 69,7 46,5 49,9 55,9 1631 1748 1962 1,50

Run a WOT
4. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 67,6 66,9 49,5 49,9 50,0 1724 1749 1751 0,08
6 66,5 67,2 49,4 49,4 49,3 1728 1715 1733 -0,02
7 67,4 66,9 49,9 49,6 49,6 1731 1733 1735 -0,05
8 67,5 66,8 50,1 49,5 49,8 1736 1741 1743 -0,05

 Avg. 67,3 67,0 49,7 49,6 49,7 1730 1735 1741 -0,01

(i)  PMR = 182,84  Air Temp. 24 [°C]
 Gear =  aurban = 1,34 [m/s²]  Track Temp. 28 [°C]

 awot = 1,50 [m/s²]  awot(ref) = 2,19 (1,97-2,41) [m/s²]  Air Pressure  1000 [hPa]
 Lwot = 70,0 [dB(A)]  kp = 0,11
 Lcrs = 67,3 [dB(A)]

Final Result  Power 294 [kW]

 Lwot(rep) = 70,0 dB(A)  Rated Speed 5850 [1/min]

 Lcrs(rep) = 67,3 dB(A)  Test Weight 1608 [kg]

 Lurban = 69,7 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

 

Test Vehicle Pass-by test according to: UN/ECE R51-03
Hot Hatchback sport mode

Run a WOT
4. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,1 71,0 46,0 49,4 55,0 1600 1727 1933 1,43
2 71,2 71,9 46,5 50,4 56,1 1641 1756 1965 1,55
3 71,3 71,5 46,6 49,8 55,8 1623 1747 1957 1,48
4 71,3 71,5 46,7 50,0 55,8 1630 1754 1960 1,47

  Avg. 71,2 71,5 46,5 49,9 55,7 1624 1746 1954 1,48

Run a WOT
4. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 68,0 67,4 50,0 50,3 50,3 1734 1738 1737 0,05
6 68,0 67,4 49,3 49,1 49,7 1692 1689 1713 0,06
7 68,2 68,0 49,9 50,5 50,3 1729 1737 1745 0,06
8 68,0 67,9 49,8 50,3 50,4 1725 1735 1740 0,09

 Avg. 68,1 67,7 49,8 50,1 50,2 1720 1725 1734 0,07

(i)  PMR = 182,84  Air Temp. 28 [°C]
 Gear =  aurban = 1,34 [m/s²]  Track Temp. 35 [°C]

 awot = 1,48 [m/s²]  awot(ref) = 2,19 (1,97-2,41) [m/s²]  Air Pressure  1009 [hPa]
 Lwot = 71,5 [dB(A)]  kp = 0,10
 Lcrs = 68,1 [dB(A)]

Final Result  Power 294 [kW]

 Lwot(rep) = 71,5 dB(A)  Rated Speed 5850 [1/min]

 Lcrs(rep) = 68,1 dB(A)  Test Weight 1608 [kg]

 Lurban = 71,2 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Automatic Transmission Pass-by test according to: UN/ECE R51-03
Hot Hatchback Comfort mode

Run a WOT
5. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,9 71,8 48,3 50,3 57,1 1374 2343 2802 1,46
2 71,3 71,5 49,0 50,2 56,7 1431 2196 2762 1,28
3 72,0 71,9 48,7 50,7 57,5 1467 2376 2819 1,47
4 71,3 71,6 48,7 50,4 56,7 1391 2204 2767 1,33

  Avg. 71,6 71,7 48,7 50,4 57,0 1416 2280 2788 1,39

Run a WOT
5. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,9 66,8 50,0 49,9 50,2 1349 1353 1366 0,03
6 67,0 66,8 50,1 50,3 50,1 1373 1372 1366 0
7 67,2 66,4 49,1 49,5 49,3 1349 1350 1351 0,03
8 67,8 67,3 50,4 50,3 50,1 1359 1366 1364 -0,05

 Avg. 67,2 66,8 49,9 50,0 49,9 1358 1360 1362 0,00

(i)  PMR = 182,84  Air Temp. 24 [°C]
 Gear =  aurban = 1,34 [m/s²]  Track Temp. 27 [°C]

 awot = 1,39 [m/s²]  awot(ref) = 2,19 (1,97-2,41) [m/s²]  Air Pressure  1000 [hPa]
 Lwot = 71,7 [dB(A)]  kp = 0,03
 Lcrs = 67,2 [dB(A)]

Final Result  Power 294 [kW]

 Lwot(rep) = 71,7 dB(A)  Rated Speed 5850 [1/min]

 Lcrs(rep) = 67,2 dB(A)  Test Weight 1608 [kg]

 Lurban = 71,6 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

Test Vehicle Automatic Transmission Pass-by test according to: UN/ECE R51-03
Hot Hatchback Sport mode --> Exceeding maximum allowed Acceleration
Run a WOT
3. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 87,8 87,7 46,7 49,3 64,1 2271 3554 4812 3,04
2 89,0 88,8 46,3 49,6 65,7 2273 3648 4974 3,42
3 89,3 89,3 45,8 49,3 65,0 2368 3622 4911 3,35
4 89,3 89,4 45,7 49,1 65,7 2218 3635 4920 3,51

  Avg. 88,9 88,8 46,1 49,3 65,1 2283 3615 4904 3,33

Run a WOT
3. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 67,9 68,7 49,7 50,3 50,1 2427 2426 2427 0,06
6 68,6 68,4 49,7 49,8 49,8 2415 2414 2412 0,02
7 67,9 68,2 49,3 49,3 49,0 2396 2389 2381 -0,05
8 68,2 68,6 50,2 50,2 50,1 2436 2434 2429 -0,02

 Avg. 68,2 68,5 49,7 49,9 49,8 2419 2416 2412 0,00

(i)  PMR = 182,84  Air Temp. 24 [°C]
 Gear =  aurban = 1,34 [m/s²]  Track Temp. 27 [°C]

 awot = 3,33 [m/s²]  awot(ref) = 2,19 (1,97-2,41) [m/s²]  Air Pressure  1000 [hPa]
 Lwot = 88,9 [dB(A)]  kp = 0,60
 Lcrs = 68,5 [dB(A)]

Final Result  Power 294 [kW]

 Lwot(rep) = 88,9 dB(A)  Rated Speed 5850 [1/min]

 Lcrs(rep) = 68,5 dB(A)  Test Weight 1608 [kg]

 Lurban = 76,7 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

 

 

Test Vehicle ASEP
Hot Hatchback Additional

Gear 2 Gear 3 Gear 4 Gear 5
P1 nBB 4108 2125 1627 1442

vBB 53,8 41 46,2 51,9
Awot 3,76 1,94 1,43 1,12

Measurment Level 84,5 67,3 67,2 68,4

∆Lurban_ASEP 2,2 -2,3 -3,3 -3,0
L_ASEP_limit resolting from ∆Lurban_limit 97,5 80,5 78,1 76,6

LASEP_kj 84,4 72,5 69,5 68,4

L_ASEP_kj_Limit 90,3 78,4 75,4 74,3

P2 nBB 4645,0 2602,0 1901,0 1567,0
vBB 62,3 52,8 54,1 57,7
Awot 4,4 2,4 1,5 1,1

Measurment Level 87,4 72,0 69,3 70,4

∆Lurban_ASEP 1,0 -1,3 -2,6 -1,3
L_ASEP_limit resolting from ∆Lurban_limit 106,5 86,6 79,9 76,9

LASEP_kj 87,6 75,4 71,2 69,2
L_ASEP_kj_Limit 93,5 81,2 77,0 75,0

P3 nBB 5365,0 3091,0 2133,0 1714,0
vBB 71,9 62,7 60,7 62,8
Awot 4,9 2,6 1,4 1,1

Measurment Level 91,0 76,8 71,5 71,8

∆Lurban_ASEP -0,1 -0,5 -1,5 -0,4

L_ASEP_limit resolting from ∆Lurban_limit 116,4 91,2 80,4 77,6

LASEP_kj 92,0 78,3 72,6 70,1
L_ASEP_kj_Limit 97,8 84,2 78,4 75,9

P4 nBB 5915 3645 2415 1888
vBB 79,6 74,2 68,6 69,5
Awot 5,4 2,6 1,5 1,1

Measurment Level 94,0 81,6 72,8 73,4

∆Lurban_ASEP -1,1 0,2 -1,7 0,5
L_ASEP_limit resolting from ∆Lurban_limit 126,0 94,6 82,6 78,6

LASEP_kj 95,3 81,6 74,3 71,1

L_ASEP_kj_Limit 101,1 87,5 80,1 76,9

Reference sound assesment
Lref_limit 78 dB(A)

Lref_Measurement 71,5 dB(A)
Lref_Simulation 72,2 dB(A)

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 6,8dB

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 6,8dB

Slope-Assessment

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 6,8dB

Lurban Assesment ∆Lurban_limit = 6,8dB



 

 

 

Test Vehicle Manual mode Pass-by test according to: UN/ECE R51-03
Subcompact Sport mode

Run a WOT
3. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 69,2 70,5 45,8 50,0 55,8 2831 3060 3387 1,59
2 69,5 70,8 46,9 50,7 56,4 2876 3102 3413 1,54
3 69,4 70,8 46,4 50,6 55,9 2861 3093 3407 1,52
4 69,6 70,4 46,3 50,4 56,0 2855 3088 3404 1,56

  Avg. 69,4 70,6 46,4 50,4 56,0 2856 3086 3403 1,55

Run a WOT
3. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,2 66,3 50,2 50,0 50,0 3002 2993 2989 -0,03
6 66,5 66,7 49,7 49,8 50,0 2990 2988 2984 0,05
7 66,2 66,2 49,2 49,3 49,4 2951 2954 2961 0,03
8 66,3 66,5 49,4 49,9 50,3 2958 2980 2707 0,14

 Avg. 66,3 66,4 49,6 49,8 49,9 2975 2979 2910 0,05

(i)  PMR = 75,09  Air Temp. 28 [°C]
 Gear = 3  aurban = 1,09 [m/s²]  Track Temp. 35 [°C]

 awot = 1,55 [m/s²]  awot(ref) = 1,57 (1,41-1,73) [m/s²]  Air Pressure  1004 [hPa]
 Lwot = 70,6 [dB(A)]  kp = 0,30
 Lcrs = 66,4 [dB(A)]

Final Result  Power 82 [kW]

 Lwot(rep) = 70,6 dB(A)  Rated Speed 600 [1/min]

 Lcrs(rep) = 66,4 dB(A)  Test Weight 1092 [kg]

 Lurban = 69,3 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Manual mode Pass-by test according to: UN/ECE R51-03
Subcompact Normal mode

Run a WOT
3. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 69,4 70,1 45,7 50,0 55,9 2819 3064 3394 1,63
2 69,7 70,7 46,4 50,6 56,5 2892 3118 3434 1,63
3 69,2 70,5 46,4 50,7 56,1 2860 3098 3417 1,56
4 69,8 71,2 46,9 51,0 56,8 2914 3145 3458 1,61

  Avg. 69,5 70,6 46,4 50,6 56,3 2871 3106 3426 1,61

Run a WOT
3. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,3 66,5 49,8 50,0 50,1 2978 2984 2996 0,05
6 66,4 66,4 49,9 49,8 49,9 2982 2986 2998 0
7 66,5 66,5 50,4 50,6 50,2 3026 3017 3004 -0,03
8 66,6 66,5 49,8 49,9 49,8 2981 2978 2972 0

 Avg. 66,5 66,5 50,0 50,1 50,0 2992 2991 2993 0,01

(i)  PMR = 75,09  Air Temp. 34 [°C]
 Gear = 3  aurban = 1,09 [m/s²]  Track Temp. 55 [°C]

 awot = 1,61 [m/s²]  awot(ref) = 1,57 (1,41-1,73) [m/s²]  Air Pressure  1002 [hPa]
 Lwot = 70,6 [dB(A)]  kp = 0,32
 Lcrs = 66,5 [dB(A)]

Final Result  Power 82 [kW]

 Lwot(rep) = 70,6 dB(A)  Rated Speed 600 [1/min]

 Lcrs(rep) = 66,5 dB(A)  Test Weight 1092 [kg]

 Lurban = 69,3 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

 

 

Test Vehicle Automatic mode Pass-by test according to: UN/ECE R51-03
Subcompact Sport mode --> Boarderline maximum acceleration
Run a WOT
0. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,8 72,7 47,0 50,0 57,2 2261 3839 4222 2,04
2 71,5 72,4 46,7 50,0 57,5 2387 3910 4240 2,13
3 72,0 72,7 46,8 49,8 57,2 2226 3865 4235 2,09
4 71,6 72,5 47,8 50,0 57,2 2144 3813 4197 2,04

  Avg. 71,7 72,6 47,1 50,0 57,3 2255 3857 4224 2,08

Run a WOT
0. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 64,9 64,7 50,1 50,1 49,9 2164 2163 2157 -0,05
6 65,1 65,0 50,3 50,3 49,9 2160 2162 2159 -0,11
7 65,6 65,0 50,0 50,5 50,6 2160 2161 2170 0,03
8 65,3 65,7 50,3 50,2 50,2 2170 2166 2161 0

 Avg. 65,2 65,1 50,2 50,3 50,2 2164 2163 2162 -0,03

(i)  PMR = 75,09  Air Temp. 28 [°C]
 Gear = 3  aurban = 1,09 [m/s²]  Track Temp. 35 [°C]

 awot = 2,08 [m/s²]  awot(ref) = 1,57 (1,41-1,73) [m/s²]  Air Pressure  1004 [hPa]
 Lwot = 72,6 [dB(A)]  kp = 0,47
 Lcrs = 65,2 [dB(A)]

Final Result  Power 82 [kW]

 Lwot(rep) = 72,6 dB(A)  Rated Speed 600 [1/min]

 Lcrs(rep) = 65,2 dB(A)  Test Weight 1092 [kg]

 Lurban = 69,1 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Automatic mode Pass-by test according to: UN/ECE R51-03
Subcompact Normal mode

Run a WOT
0. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 72,0 72,4 47,6 49,2 55,8 1263 3195 3827 1,83
2 72,0 72,4 48,1 49,9 56,6 1406 3240 3825 1,89
3 72,2 72,3 48,6 49,8 56,3 1300 3214 3907 1,82
4 72,0 71,9 47,5 49,8 56,7 1524 3529 3887 1,94

  Avg. 72,1 72,3 48,0 49,7 56,4 1373 3295 3862 1,87

Run a WOT
0. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 64,7 64,5 49,3 49,8 50,4 1200 1142 1147 0,16
6 64,6 64,8 50,4 50,5 50,2 1137 1121 1161 -0,08
7 64,7 64,3 49,8 49,6 49,9 1153 1159 1158 0,08
8 64,7 64,8 49,8 50,3 49,9 1168 1169 1141 -0,11

 Avg. 64,7 64,6 49,8 50,1 50,1 1165 1148 1152 0,01

(i)  PMR = 75,09  Air Temp. 34 [°C]
 Gear = 3  aurban = 1,09 [m/s²]  Track Temp. 55 [°C]

 awot = 1,87 [m/s²]  awot(ref) = 1,57 (1,41-1,73) [m/s²]  Air Pressure  1002 [hPa]
 Lwot = 72,3 [dB(A)]  kp = 0,42
 Lcrs = 64,7 [dB(A)]

Final Result  Power 82 [kW]

 Lwot(rep) = 72,3 dB(A)  Rated Speed 6000 [1/min]

 Lcrs(rep) = 64,7 dB(A)  Test Weight 1092 [kg]

 Lurban = 69,1 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

 

 

 

Test Vehicle ASEP
Subcompact

Gear 2 Gear 3 Gear 4 Gear 
P1 nBB 3940 2771 2014

vBB 45,2 45,5 42
Awot 2,09 1,67 1,21

Measurment Level 71,5 68,2 64,2

∆Lurban_ASEP 0,5 -1,0 -3,7
L_ASEP_limit resolting from ∆Lurban_limit 81,4 78,5 74,6

LASEP_kj 71,7 67,5 63,4
L_ASEP_kj_Limit 76,5 72,2 68,1

P2 nBB 4058,0 2968,0 2505,0
vBB 48,3 48,8 52,4
Awot 2,1 1,7 1,3

Measurment Level 70,9 68,7 68,3

∆Lurban_ASEP -0,3 -1,2 -1,6
L_ASEP_limit resolting from ∆Lurban_limit 82,6 79,4 76,8

LASEP_kj 72,0 68,4 65,9

L_ASEP_kj_Limit 76,7 73,1 70,6

P3 nBB 4137,0 3348,0 2505,0
vBB 51,5 55,2 52,4
Awot 2,2 1,7 1,3

Measurment Level 71,2 70,2 68,3

∆Lurban_ASEP -0,7 -1,1 -1,6

L_ASEP_limit resolting from ∆Lurban_limit 84,0 80,6 76,8

LASEP_kj 72,2 70,2 65,9
L_ASEP_kj_Limit 76,9 74,9 70,6

P4 nBB 72,0 70,5 68,9
vBB 54,4 55,8 54,6
Awot 2,1 1,6 1,3

Measurment Level 72,0 70,5 68,9

∆Lurban_ASEP -0,6 -0,9 -1,5
L_ASEP_limit resolting from ∆Lurban_limit 84,5 80,2 77,7

LASEP_kj 72,7 70,4 66,3

L_ASEP_kj_Limit 77,4 75,1 71,0

Reference sound assesment
Lref_limit 76 dB(A)

Lref_Measurement 69,7 dB(A)
Lref_Simulation 68,0 dB(A)

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Slope-Assessment

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Lurban Assesment ∆Lurban_limit = 5,7dB



 

 

–

 

  

Test Vehicle Pass-by test according to: UN/ECE R51-03
Subcompact SUV Normal mode

Run a WOT
0. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,9 72,0 48,7 49,2 55,9 2157 4351 5104 2,25
2 71,6 71,8 48,7 49,3 55,7 2269 4301 5105 2,15
3 72,6 72,2 48,2 49,1 54,4 2148 3883 4987 1,76
4 71,9 71,9 49,2 49,9 55,3 2262 3995 5079 1,82

  Avg. 72,0 72,0 48,7 49,4 55,3 2209 4133 5069 2,00

Run a WOT
0. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,3 66,4 50,1 50,0 50,2 1453 1450 1458 0,06
6 66,2 66,8 50,1 50,2 50,2 1451 1450 1458 0
7 66,7 66,7 50,4 50,2 50,2 1466 1456 1457 0
8 66,2 66,9 50,0 50,0 50,2 1460 1453 1456 0,06

 Avg. 66,4 66,7 50,2 50,1 50,2 1458 1452 1457 0,03

(i)  PMR = 66,14  Air Temp. 21 [°C]
 Gear = 3  aurban = 1,06 [m/s²]  Track Temp. 32 [°C]

 awot = 2,00 [m/s²]  awot(ref) = 1,48 (1,33-1,63) [m/s²]  Air Pressure  994 [hPa]
 Lwot = 72,0 [dB(A)]  kp = 0,47
 Lcrs = 66,7 [dB(A)]

Final Result  Power 92 [kW]

 Lwot(rep) = 72,0 dB(A)  Rated Speed 600 [1/min]

 Lcrs(rep) = 66,7 dB(A)  Test Weight 1391 [kg]

 Lurban = 69,5 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Pass-by test according to: UN/ECE R51-03
Subcompact SUV Sport mode

Run a WOT
0. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 70,9 71,1 49,2 51,0 55,6 2943 3815 5148 1,57
2 71,0 71,9 49,5 50,4 55,3 2845 3871 5114 1,66
3 72,4 72,2 49,5 50,8 56,0 2969 3978 5164 1,78
4 71,5 70,9 49,1 50,1 54,8 2206 3695 5116 1,58

  Avg. 71,5 71,5 49,3 50,6 55,4 2741 3840 5136 1,65

Run a WOT
0. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 67,2 66,9 50,0 50,1 50,3 2765 2769 2772 0,06
6 66,9 67,4 50,1 50,5 50,3 2774 2777 2776 -0,06
7 67,0 67,2 50,2 50,2 50,4 2784 2782 2782 0,06
8 66,9 67,2 50,1 50,4 50,3 2781 2783 2779 -0,03

 Avg. 67,0 67,2 50,1 50,3 50,3 2776 2778 2777 0,01

(i)  PMR = 66,14  Air Temp. 21 [°C]
 Gear = 3  aurban = 1,06 [m/s²]  Track Temp. 31 [°C]

 awot = 1,65 [m/s²]  awot(ref) = 1,48 (1,33-1,63) [m/s²]  Air Pressure  994 [hPa]
 Lwot = 71,5 [dB(A)]  kp = 0,36
 Lcrs = 67,2 [dB(A)]

Final Result  Power 92 [kW]

 Lwot(rep) = 71,5 dB(A)  Rated Speed 600 [1/min]

 Lcrs(rep) = 67,2 dB(A)  Test Weight 1391 [kg]

 Lurban = 70,0 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]



 

  

 Typ/Prüfling  Vorbeifahrt nach: UN/ECE R51-03
--> Exceeding maximum allowed Acceleration

 Messfahrt a WOT
 x. Gang Beschl. li re li re vAA vPP vBB nAA nPP nBB [m/s²]

1 75,4 76,1 7,8 5,4 43,5 49,7 64,3 2120 3764 4952 4,35
2 76,1 76,9 7,4 6,2 43,8 49,9 64,3 2118 3815 4808 4,3
3 76,2 76,4 7,6 6,2 44,0 49,9 64,1 2126 3762 4965 4,23
4 75,6 76,1 7,0 7,4 43,8 49,8 63,9 2106 3691 4959 4,19

  Avg. 75,8 76,4 7,5 6,3 43,8 49,8 64,2 2118 3758 4921 4,27
 +- 0,4 0,5 0,5 1,1 0,3 0,1 0,3 12 67 113 0,08

 Messfahrt a WOT
 x. Gang Konst. li re li re vAA vPP vBB nAA nPP nBB [m/s²]

5 65,6 66,0 -3,8 -3,0 50,7 50,4 50,7 1519 1522 1523 0,08
6 65,2 66,0 -3,0 -1,2 50,4 50,4 50,7 1519 1519 1521 0,08
7 65,6 66,2 -3,6 -1,8 50,5 50,6 50,6 1519 1522 1524 0
8 65,8 66,1 -3,2 -0,8 50,7 50,7 50,8 1520 1521 1522 0,03

 Avg. 65,6 66,1 -3,4 -1,7 50,6 50,5 50,7 1519 1521 1523 0,05
 +- 0,4 0,1 0,4 1,3 0,2 0,2 0,1 1 2 2 0,05

(i)  PMR = 132,72
 Gang = 3  aurban = 1,25 [m/s²] 288 [kW]
 awot = 4,27 [m/s²]  awot(ref) = 1,96 (1,76-2,16) [m/s²] 6000 [1/min]

 Lwot = 76,4 [dB(A)]  kp = 0,362

 Lcrs = 66,1 [dB(A)]  k= 2170 [kg]

Final Result 4,76 [m]

 Lwot(rep) = 76,4 dB(A)

 Lcrs(rep) = 66,1 dB(A)

 Lurban = 72,7 dB(A)

Compact Wagon Hybrid
Lmax [dB(A)] Pos. bei Lmax [m] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Pos. bei Lmax [m] Geschwindigkeit [km/h] Drehzahl [1/min]

 Leistung
 Nenndrehzahl

 Testgewicht

 FZG-Länge



 

 

  

Test Vehicle  Vorbeifahrt nach: UN/ECE R51-03

 Messfahrt a WOT
 3. Gang Beschl. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 70,2 70,6 44,2 50,1 58,8 1937 2192 2569 2,36
2 70,3 70,7 45,1 50,7 59,3 1965 2221 2588 2,32
3 70,6 70,6 45 50,3 58,8 1963 2199 2568 2,25
4 70,1 70,2 44,9 50,2 58,7 1960 2198 2570 2,24

  Avg. 70,3 70,5 44,8 50,3 58,9 1956 2203 2574 2,29
 +- 0,3 0,3 0,6 0,4 0,4 19 18 14 0,07

 Messfahrt a WOT
 4. Gang Beschl. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 69,5 69,2 47,8 50,3 55 1464 1540 1686 1,16
2 68,8 68,7 47 49,1 53,7 1434 1504 1648 1,06
3 69,3 69 47,5 49,6 54,4 1448 1517 1668 1,1
4 68,8 68,9 47,8 50 54,8 1454 1529 1677 1,13

  Avg. 69,1 69,0 47,5 49,8 54,5 1450 1523 1670 1,11
 +- 0,4 0,3 0,5 0,7 0,8 16 19 22 0,05

 Messfahrt a WOT
 3. Gang Konst. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 70 69,3 49,3 49,2 49,2 2137 2135 2137 -0,02
6 69,6 68,5 49,6 49,4 49,5 2149 2148 2152 -0,02
7 68,8 68,5 50,6 50,7 50,6 2190 2190 2190 0
8 69,3 68,5 50,6 50,5 50,7 2191 2191 2194 0,02

 Avg. 69,4 68,7 50,0 50,0 50,0 2167 2166 2168 -0,01
 +- 0,6 0,6 0,7 0,8 0,8 30 31 31 0,03

 Messfahrt a WOT
 4. Gang Konst. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 68,7 68,2 50,3 50,5 50,6 1532 1530 1531 0,05
6 68,5 68,2 50,7 50,5 50,5 1535 1531 1534 -0,03

7 68,5 67,8 50,5 50,6 50,6 1539 1536 1534 0,02

8 68,5 67,8 50,2 50,1 50,2 1526 1523 1521 0
 Avg. 68,6 68,0 50,4 50,4 50,5 1533 1530 1530 0,01
 +- 0,1 0,2 0,3 0,3 0,3 7 7 9 0,04

(i) (i+1)  PMR = 61,11
 Gang = 3 4  aurban = 1,04 [m/s²]  Leistung 110 [kW]
 awot = 2,29 1,11 [m/s²]  awot(ref) = 1,43 (1,29-1,57) [m/s²] Nenndrehzahl 3500 [1/min]
 Lwot = 70,5 69,1 [dB(A)]  kp = 0,273
 Lcrs = 69,4 68,6 [dB(A)]  k= 0,269  Testgewicht 1800 [kg]

Final Result
 Lwot(rep) = 69,5 dB(A)

 Lcrs(rep) = 68,8 dB(A)

 Lurban = 69,3 dB(A)

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Compact SUV
Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]



  

ASEP
Compact SUV not possible

Gear 2 Gear 3 Gear 4 Gear 
P1 nBB 3574 1595 1182

vBB 52,3 36,4 39
Awot 3,38 1,23 0,79

Measurment Level 71,1 64,4 64,5

∆Lurban_ASEP -0,1 -2,2 -4,5
L_ASEP_limit resolting from ∆Lurban_limit 90,1 73,7 72,3

LASEP_kj 75,5 68,6 62,5
L_ASEP_kj_Limit 80,2 73,3 67,2

P2 nBB 1935,0 1404,0
vBB 44,5 46,7
Awot 1,8 1,1

Measurment Level 66,4 58,9

∆Lurban_ASEP -1,1 -9,4
L_ASEP_limit resolting from ∆Lurban_limit 77,8 74,8

LASEP_kj 68,9 63,6
L_ASEP_kj_Limit 73,6 68,3

P3 nBB 2163,0 1469,0
vBB 49,6 48,7
Awot 2,0 0,8

Measurment Level 67,9 60,7

∆Lurban_ASEP -0,9 -11,3

L_ASEP_limit resolting from ∆Lurban_limit 80,4 73,2

LASEP_kj 69,1 63,9
L_ASEP_kj_Limit 73,8 68,6

P4 nBB 62,1 69,5
vBB 58,4 56,7
Awot 2,4 1,2

Measurment Level 62,1 69,5

∆Lurban_ASEP -4,7 -0,9
L_ASEP_limit resolting from ∆Lurban_limit 85,8 77,2

LASEP_kj 69,4 65,2

L_ASEP_kj_Limit 74,1 69,9

Reference sound assesment
Lref_limit 76 dB(A)

Lref_Measurement 64,5 dB(A)
Lref_Simulation 65,0 dB(A)

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Slope-Assessment

Slope-Assessment

Lurban Assesment ∆Lurban_limit = 5,7dB

Lurban Assesment ∆Lurban_limit = 5,7dB



 

 

  

Testing Vehicle  According UN/ECE R51-03

 Messfahrt a WOT
 3. Gang Beschl. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 73,5 73,4 45,0 50,2 57,0 1689,0 1882,0 2138 1,82
2 72,6 74,4 45,4 50,6 57,9 1703,0 1898,0 2171 1,92
3 72,4 74,1 43,7 50,2 55,9 1639,0 1881,0 2096 1,8
4 73,5 73,1 45,0 50,6 57,2 1688,0 1900,0 2144 1,85

  Avg. 73,0 73,8 44,8 50,4 57,0 1680,0 1890,0 2137 1,8475
 +- 0,6 0,7 1,1 0,2 1,1 41,0 10,0 41 0,0725

 Messfahrt a WOT
 4. Gang Beschl. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,9 70,9 47,7 49,5 53,4 1044,0 1083,0 1168 0,86
2 71,6 71,7 49,3 50,9 54,9 1079,0 1115,0 1202 0,87
3 72,1 71,1 48,7 50,4 54,2 1067,0 1104,0 1187 0,84
4 70,9 70,7 47,5 49,6 52,5 1040,0 1085,0 1149 0,74

  Avg. 71,6 71,1 48,3 50,1 53,8 1058,0 1097,0 1177 0,8275
 +- 0,7 0,6 1,0 0,8 1,3 21,0 18,0 28 0,0875

 Messfahrt a WOT
 3. Gang Konst. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 70,5 70,4 50,2 50,1 50,6 1881,0 1876,0 1899 0,06
6 70,5 69,8 50,3 50,4 50,0 1886,0 1892,0 1874 -0,04
7 70,4 70,2 49,9 49,7 49,6 1870,0 1862,0 1860 -0,04
8 71,0 69,1 49,7 49,2 49,1 1864,0 1846,0 1841 -0,09

 Avg. 70,6 69,9 50,0 49,9 49,8 1875,0 1869,0 1869 -0,0275
 +- 0,4 0,8 0,3 0,7 0,8 11,0 23,0 30 0,0875

 Messfahrt a WOT
 4. Gang Konst. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 70,0 69,8 49,8 49,6 50,0 1092,0 1087,0 1095 0,03
6 70,4 68,6 50,0 49,3 49,4 1095,0 1080,0 1082 -0,09
7 70,2 69,0 49,6 49,0 49,2 1086,0 1072,0 1078 -0,06
8 70,5 69,8 50,4 50,8 50,2 1104,0 1113,0 1098 -0,03

 Avg. 70,3 69,3 50,0 49,7 49,7 1094,0 1088,0 1088 -0,0375
 +- 0,3 0,7 0,4 1,1 0,5 10,0 25,0 10 0,0675

(i) (i+1)  PMR = 43,20
 Gear = 3 4  aurban = 0,94 [m/s²] 96
 awot = 1,85 0,83 [m/s²]  awot(ref) = 1,19 (1,07-1,31) [m/s²] 3500
 Lwot = 73,8 71,6 [dB(A)]  kp = 0,210
 Lcrs = 70,6 70,3 [dB(A)]  k= 0,355 2222

Testresult
 Lwot(rep) = 72,4 dB(A)

 Lcrs(rep) = 70,4 dB(A)

 Lurban = 72,0 dB(A)

 Leistung [kW]
 Nenndrehzahl [1/min]

 Testgewicht [kg]

Light Commercial Van Low Power
Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]

Lmax [dB(A)] Geschwindigkeit [km/h] Drehzahl [1/min]



 

 

Test Vehicle Manual Mode Pass-by test according to: UN/ECE R51-03
Light Commercial Van High Power
Run a WOT
4. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 71,4 72,7 46,8 49,5 55,8 2087 2239 2492 1,32
2 72,1 73,2 46,1 49,8 55,7 2075 2240 2510 1,4
3 72,4 73,7 46,2 50,3 56,2 2078 2256 2538 1,47
4 72,6 73,6 47,2 50,4 56,2 2102 2260 2533 1,33

  Avg. 72,1 73,3 46,6 50,0 56,0 2086 2249 2518 1,38

Run a WOT
4. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 68,8 69,2 49,2 49,1 49,0 2179 2178 2172 -0,03
6 69,1 69,7 49,4 49,5 50,6 2192 2213 2244 0,17
7 68,6 69,3 50,3 49,6 49,4 2218 2215 2185 -0,13
8 68,9 69,5 50,1 49,8 49,6 2218 2216 2187 -0,07

 Avg. 68,9 69,4 49,8 49,5 49,7 2202 2206 2197 -0,02

(i)  PMR = 54,75  Air Temp. 31 [°C]
 Gear = 3  aurban = 1,01 [m/s²]  Track Temp. 35 [°C]

 awot = 1,38 [m/s²]  awot(ref) = 1,35 (1,22-1,49) [m/s²]  Air Pressure  1034 [hPa]
 Lwot = 73,3 [dB(A)]  kp = 0,27
 Lcrs = 69,4 [dB(A)]

Final Result  Power 140 [kW]

 Lwot(rep) = 73,3 dB(A)  Rated Speed 3800 [1/min]

 Lcrs(rep) = 69,4 dB(A)  Test Weight 2557 [kg]

 Lurban = 72,2 dB(A)

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)] Vehicle Speed [km/h] Engine speed [1/min]

Test Vehicle Automatic Mode Pass-by test according to: UN/ECE R51-03
Light Commercial Van High Power
Run a WOT
0. Gear Accel. li re vAA vPP vBB nAA nPP nBB [m/s²]

1 72,9 73,2 49,4 50,0 55,1 1315 2124 3523 1,22
2 73,2 73,7 48,9 49,3 54,7 1323 1991 3497 1,28
3 72,3 72,6 49,5 49,8 54,2 1324 1835 3480 1,04
4 72,7 72,6 49,5 50,1 54,7 1327 1847 3497 1,1

  Avg. 72,8 73,0 49,3 49,8 54,7 1322 1949 3499 1,16

Run a WOT
0. Gear Const. li re vAA vPP vBB nAA nPP nBB [m/s²]

5 66,8 67,7 49,9 50,0 50,5 1325 1338 1341 0,11
6 68,0 68,7 49,2 50,4 51,0 1607 1633 1664 0,14
7 67,1 67,3 49,1 49,2 49,6 1317 1321 1320 0,09
8 67,3 67,6 49,5 49,2 49,9 1601 1607 1619 0,16

 Avg. 67,3 67,8 49,4 49,7 50,3 1463 1475 1486 0,13

(i)  PMR = 54,75  Air Temp. 31 [°C]
 Gear = 3  aurban = 1,01 [m/s²]  Track Temp. 37 [°C]

 awot = 1,16 [m/s²]  awot(ref) = 1,35 (1,22-1,49) [m/s²]  Air Pressure  1025 [hPa]
 Lwot = 73,0 [dB(A)]  kp = 0,13
 Lcrs = 67,8 [dB(A)] 0,129

Final Result  Power 140 [kW]

 Lwot(rep) = 73,0 dB(A)  Rated Speed 3800 [1/min]

 Lcrs(rep) = 67,8 dB(A)  Test Weight 2557 [kg]

 Lurban = 72,3 dB(A)

Vehicle Speed [km/h] Engine speed [1/min]

Vehicle Speed [km/h] Engine speed [1/min]

Lmax [dB(A)]

Lmax [dB(A)]



 

 

 

  

Test Vehicle Pass-by test according to: UN/ECE R51-03

Run
2. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 73,4 74,0 7,6 10,6 16,5 24,2 35,0 1277 1881 2720
2 74,6 74,4 10,6 8,4 17,6 25,9 36,0 1365 2013 2790
3 74,2 74,2 10,6 7,6 17,1 25,4 35,9 1329 1970 2780
4 74,1 74,7 10,6 7,6 16,6 25,0 35,8 1285 1938 2780

  Avg. 74,1 74,3 9,9 8,6 17,0 25,1 35,7 1314 1951 2768

 Test Gear = 2  Air Temp. 23 [°C]  Power 120 [kW]
 Track Temp. 25 [°C]  Rated Speed 3800 [1/min]
 Air Pressure  998 [hPa]  Test Weight 3180 [kg]

 Veh. Length 7,3 [m]
 Target RPM  2660 - 2812 [1/min]

Final Result
 Lwot(rep) = 74,3 dB(A)

 Lurban = 74,3 dB(A)

Engine speed [1/min]
Light Commercial People Mover

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Pass-by test according to: UN/ECE R51-03

Run
3. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 73,8 74,2 3,8 3,6 30,9 33,6 38,3 1973 2184 2470
2 74,3 74,9 6,8 9,6 32,1 34,8 39,2 2057 2242 2540
3 74,3 74,9 10,8 4,0 31,3 34,5 39,0 2024 2222 2500
4 74,4 74,7 3,0 2,8 31,0 33,8 38,4 1988 2183 2470

  Avg. 74,2 74,7 6,1 5,0 31,3 34,2 38,7 2011 2208 2495
 Test Gear = 3  Air Temp. 19 [°C]  Power 132 [kW]

 Track Temp. 23 [°C]  Rated Speed 3500 [1/min]
 Air Pressure  1026 [hPa]  Test Weight 5588 [kg]

 Veh. Length 8,56 [m]
 Target RPM  2450 - 2590 [1/min]

Final Result
 Lwot(rep) = 74,7 dB(A)

 Lurban = 74,7 dB(A)

Engine speed [1/min]
Commercial Van Manual Transmission

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

 

  

Test Vehicle Manual Mode Pass-by test according to: UN/ECE R51-03

Run
3. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 74,5 74,5 7,2 11,4 28,2 32,9 37,5 1943 2183 2510
2 74,6 74,5 6,2 3,6 28,2 33,0 37,9 1875 2191 2530
3 74,2 74,4 3,6 3,4 28,2 32,2 37,3 1887 2167 2500
4 74,2 74,1 6,0 5,4 27,9 31,6 37,4 1892 2154 2490

  Avg. 74,4 74,4 5,8 6,0 28,1 32,4 37,5 1899 2174 2508

 Test Gear = 3  Air Temp. 9 [°C]  Power 132 [kW]
 Track Temp. 19 [°C]  Rated Speed 3500 [1/min]
 Air Pressure  1029 [hPa]  Test Weight 5632 [kg]

 Veh. Length 8,6 [m]
 Target RPM  2450 - 2590 [1/min]

Final Result
 Lwot(rep) = 74,4 dB(A)

 Lurban = 74,4 dB(A)

Engine speed [1/min]
Commercial Van Automated Transmission

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic Mode Pass-by test according to: UN/ECE R51-03

Run
0. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 73,7 74,0 6,4 7,6 30,4 32,6 37,8 1589 2199 2530
2 74,0 74,0 3,6 3,4 30,3 32,6 38,0 1599 2218 2540
3 74,1 74,2 4,8 3,8 29,8 33,5 37,9 1596 2237 2550
4 73,7 74,1 3,6 7,6 28,3 32,0 37,0 1535 2163 2490

  Avg. 73,9 74,1 4,6 5,6 29,7 32,7 37,7 1580 2204 2528
 Test Gear = 0  Air Temp. 9 [°C]  Power 132 [kW]

 Track Temp. 19 [°C]  Rated Speed 3500 [1/min]
 Air Pressure  1029 [hPa]  Test Weight 5632 [kg]

 Veh. Length 8,6 [m]
 Target RPM  2450 - 2590 [1/min]

Final Result
 Lwot(rep) = 74,1 dB(A)

 Lurban = 74,1 dB(A)

Engine speed [1/min]
Commercial Van Automated Transmission

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

 

 

  

Test Vehicle Manual Mode Pass-by test according to: UN/ECE R51-03

Run
4. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 77,3 77,0 5,4 3,8 30,0 32,6 35,9 1091 1183 1300
2 76,7 77,5 2,6 5,8 29,9 32,8 35,9 1111 1186 1300
3 76,5 77,5 5,2 5,2 30,3 32,5 36,0 1081 1182 1300
4 77,4 78,2 5,4 5,6 30,2 32,8 35,8 1075 1177 1300

  Avg. 77,0 77,6 4,7 5,1 30,1 32,7 35,9 1090 1182 1300

 Test Gear = 4  Air Temp. 29 [°C]  Power 155 [kW]
 Track Temp. 35 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  1005 [hPa]  Test Weight 6140 [kg]

 Veh. Length 8 [m]
 Target RPM  1260 - 1332 [1/min]

Final Result
 Lwot(rep) = 77,6 dB(A)

 Lurban = 77,6 dB(A)

Engine speed [1/min]
Light Commercial Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic Economy Mode Pass-by test according to: UN/ECE R51-03

Run
0. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 77,0 77,6 4,6 5,0 30,1 33,1 36,6 1114 1195 1320
2 76,9 77,7 5,8 4,0 30,4 32,7 36,3 1080 1183 1310
3 76,7 78,3 7,0 3,8 30,4 32,8 36,3 1088 1193 1320
4 76,9 78,0 5,0 5,4 29,6 32,3 36,0 1069 1175 1300

  Avg. 76,9 77,9 5,6 4,6 30,1 32,7 36,3 1088 1187 1313
 Test Gear = 0  Air Temp. 29 [°C]  Power 155 [kW]

 Track Temp. 35 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  1005 [hPa]  Test Weight 6140 [kg]

 Veh. Length 8 [m]
 Target RPM  1260 - 1332 [1/min]

Final Result
 Lwot(rep) = 77,9 dB(A)

 Lurban = 77,9 dB(A)

Engine speed [1/min]
Light Commercial Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic Power Mode Pass-by test according to: UN/ECE R51-03

Run
4. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 77,3 77,4 5,4 5,4 29,4 32,4 35,8 1069 1171 1290
2 76,9 77,8 5,8 4,2 30,6 33,1 36,5 1096 1199 1320
3 76,9 77,7 3,0 5,2 30,5 33,4 36,5 1095 1200 1330
4 76,9 77,4 3,6 4,6 30,0 32,5 35,5 1070 1175 1300

  Avg. 77,0 77,6 4,5 4,9 30,1 32,9 36,1 1083 1186 1310
 Test Gear = 4  Air Temp. 29 [°C]  Power 155 [kW]

 Track Temp. 35 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  1005 [hPa]  Test Weight 6140 [kg]

 Veh. Length 8 [m]
 Target RPM  1260 - 1332 [1/min]

Final Result
 Lwot(rep) = 77,6 dB(A)

 Lurban = 77,6 dB(A)

Engine speed [1/min]
Light Commercial Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

 

  

Test Vehicle Automatic mode Pass-by test according to: UN/ECE R51-03

Run
9. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 77,5 77,5 23,2 18,8 32,1 32,2 34,7 1124 1147 1220
2 78,9 78,2 23,0 20,2 31,9 32,5 34,5 1121 1133 1220
3 78,0 78,3 23,2 19,0 32,3 32,2 34,8 1119 1146 1230
4 77,7 78,7 16,4 19,0 32,5 32,1 34,4 1123 1147 1220

  Avg. 78,0 78,2 21,5 19,3 32,2 32,3 34,6 1122 1143 1223

 Test Gear = 9  Air Temp. 21 [°C]  Power 350 [kW]
 Track Temp. 24 [°C]  Rated Speed 1600 [1/min]
 Air Pressure  1019 [hPa]  Test Weight 16105 [kg]

 Veh. Length 13,325 [m]
 Target RPM  1360 - 1424 [1/min]

Final Result
 Lwot(rep) = 78,2 dB(A)

 Lurban = 78,2 dB(A)

Engine speed [1/min]
Highway Coach

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic transmission Pass-by test according to: UN/ECE R51-03

Run
4. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 76,9 75,5 14,0 15,0 35,2 34,9 35,9 1058 1076 1580
2 77,1 76,0 15,4 13,0 35,1 35,6 36,5 1058 1078 1600
3 77,3 76,5 15,6 17,0 34,8 35,5 36,3 1046 1072 1560
4 76,9 75,3 13,4 15,6 34,9 35,3 36,1 1050 1073 1600

  Avg. 77,1 75,8 14,6 15,2 35,0 35,3 36,2 1053 1075 1585
 Test Gear = 4  Air Temp. 18 [°C]  Power 260 [kW]

 Track Temp. 17 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  1005 [hPa]  Test Weight 11.232 [kg]

 Veh. Length 12,135 [m]
 Target RPM  1530 - 1602 [1/min]

Final Result
 Lwot(rep) = 77,1 dB(A)

 Lurban = 77,1 dB(A)

Engine speed [1/min]
City Coach

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

 

 

 

  

Test Vehicle Manual Mode Pass-by test according to: UN/ECE R51-03

Run
3. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 78,1 78,3 4,6 4,2 23,0 26,5 31,6 1166 1356 1590
2 77,3 77,5 6,6 4,0 22,6 26,1 30,4 1132 1317 1550
3 77,8 78,3 6,6 6,6 22,8 26,1 30,5 1144 1332 1550
4 77,4 78,0 5,0 4,4 22,7 26,3 30,9 1153 1337 1560

  Avg. 77,7 78,0 5,7 4,8 22,8 26,3 30,9 1149 1336 1563
 Test Gear = 3  Air Temp. 25 [°C]  Power 175 [kW]

 Track Temp. 24 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  998 [hPa]  Test Weight 11210 [kg]

 Veh. Length 9,05 [m]
 Target RPM  1530 - 1602 [1/min]

Final Result
 Lwot(rep) = 78 dB(A)

 Lurban = 78 dB(A)

Engine speed [1/min]
Commercial Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic Mode Pass-by test according to: UN/ECE R51-03

Run
3. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 77,5 77,5 1,4 4,8 23,0 26,0 30,5 1144 1332 1560
2 78,1 77,4 2,4 5,4 22,3 26,4 30,4 1138 1335 1570
3 77,2 77,3 0,8 9,2 23,1 26,4 30,8 1144 1335 1580
4 77,8 77,3 1,2 4,6 22,8 26,0 30,9 1148 1340 1580

  Avg. 77,7 77,4 1,5 6,0 22,8 26,2 30,7 1144 1336 1573
 Test Gear = 3  Air Temp. 25 [°C]  Power 175 [kW]

 Track Temp. 24 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  998 [hPa]  Test Weight 11210 [kg]

 Veh. Length 9,05 [m]
 Target RPM  1530 - 1602 [1/min]

Final Result
 Lwot(rep) = 77,7 dB(A)

 Lurban = 77,7 dB(A)

Engine speed [1/min]
Commercial Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

 

 

 
 
  

Test Vehicle Manual mode Pass-by test according to: UN/ECE R51-03

Run
8. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 78,4 79,6 9,0 7,2 28,5 31,8 36,6 1202 1342 1550
2 79,1 79,5 5,2 5,8 29,7 32,3 37,2 1236 1374 1580
3 78,7 79,2 15,0 7,8 27,8 30,6 36,1 1158 1306 1530
4 78,4 78,7 13,0 6,4 28,7 31,6 36,7 1195 1333 1540

  Avg. 78,7 79,3 10,6 6,8 28,7 31,6 36,7 1198 1339 1550

 Test Gear = 8  Air Temp. 21 [°C]  Power 309 [kW]
 Track Temp. 12 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  744 [hPa]  Test Weight 13821 [kg]

 Veh. Length 9,7 [m]
 Target RPM  1530 - 1602 [1/min]

Final Result
 Lwot(rep) = 79,3 dB(A)

 Lurban = 79,3 dB(A)

Engine speed [1/min]
Long Distance Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]

Test Vehicle Automatic mode Pass-by test according to: UN/ECE R51-03

Run
7. Gear Accel. left right left right vAA vPP vBB nAA nPP nBB

1 78,4 79,1 7,4 8,2 14,5 22,2 30,3 778 1209 1590
2 78,7 78,5 7,6 6,4 14,5 22,5 30,7 793 1228 1600
3 78,7 78,7 7,8 7,6 14,6 22,3 30,2 784 1222 1590
4 78,7 78,9 8,0 6,6 15,0 22,4 30,5 803 1221 1600

  Avg. 78,6 78,8 7,7 7,2 14,7 22,4 30,4 790 1220 1595
 Test Gear = 7  Air Temp. 20 [°C]  Power 309 [kW]

 Track Temp. 21 [°C]  Rated Speed 1800 [1/min]
 Air Pressure  1011 [hPa]  Test Weight 13821 [kg]

 Veh. Length 9,7 [m]
 Target RPM  1530 - 1602 [1/min]

Final Result
 Lwot(rep) = 78,8 dB(A)

 Lurban = 78,8 dB(A)

Engine speed [1/min]
Long Distance Truck

Lmax [dB(A)] Pos. at Lmax [m] Vehicle Speed [km/h]



 

Annex V: Intermediate CBA results 
Scenario A 

 
 

 



 

 

Scenario B  



 

 

 

 



 

 

Scenario C 



 

 

 



 

 

Scenario D 



 

 

 



 

 

Scenario E 



 

 

 



 

 

Scenario F 



 

 

 



 



 

 

GETTING IN TOUCH WITH THE EU 

In person 

All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: https://europa.eu/european-union/contact_en 

On the phone or by email 

Europe Direct is a service that answers your questions about the European Union. You can contact 
this service: 

– by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

– at the following standard number: +32 22999696, or  

– by email via: https://europa.eu/european-union/contact_en 

 
FINDING INFORMATION ABOUT THE EU 

Online 

Information about the European Union in all the official languages of the EU is available on the Europa 
website at: https://europa.eu/european-union/index_en 

EU publications  

You can download or order free and priced EU publications from: https://op.europa.eu/en/publications. 
Multiple copies of free publications may be obtained by contacting Europe Direct or your local 
information centre (see https://europa.eu/european-union/contact_en). 

EU law and related documents 

For access to legal information from the EU, including all EU law since 1952 in all the official language 
versions, go to EUR-Lex at: http://eur-lex.europa.eu 

Open data from the EU 

The EU Open Data Portal (http://data.europa.eu/euodp/en) provides access to datasets from the EU. 
Data can be downloaded and reused for free, for both commercial and non-commercial purposes. 
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