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Executive summary

Road traffic noise has become a significant problem in our society. The steady increase in noise
levels is mainly due to the persistent growth in traffic. Urbanization, people moving from rural, quiet
areas to noisier environments, also leads to increased exposure.

The purpose of this report is to provide support when strategies, plans and positions for future
actions are discussed in order to reduce adverse noise effects more effectively. To give a
recommendation on which strategy will be most beneficial for society in general, this report focuses
on reduction in noise annoyance and the associated cost of implementing various noise abatement
measures.

There are approximately 100 million inhabitants in Europe1 annoyed by road traffic noise. Table 1
lists the main results when EUR 6 billion is invested in different noise mitigation measures,
showing that the cost of reducing noise annoyance in a 20-year perspective varies from EUR 16
per person per year to EUR 4200 per year. Handling noise at source is by far the most cost-
effective measure for reducing noise annoyance. There is on-going work in the European Union to
update the current vehicle noise emission standards, and the present results illustrate that more
stringent standards to reduce noise from vehicles will give very good value for money.

Table 1 Possible noise abatement measures, their potential for reduction in road traffic noise
annoyance and the cost (per year) of making one person not annoyed anymore (reduce the noise
annoyance by one)
Noise abatement measure Reduction in

annoyance
Cost of reducing
annoyance by one

(EUR per year)

Limitations on use

Vehicle noise reduction (5 dB) 31.5 mill 16 None

Vehicle noise reduction (3 dB)
= EC proposal

19.7 mill 18 None

Thin Layer asphalt 2.4 mill 136 Not motorways (with high
speed and density)

Porous asphalt single layer 1.1 mill 290 Only motorways (high speed
and space for drainage)

Façade insulation (2 windows),
same effect as outdoor measures

0.8 mill 360 None (indoor effect only)

Façade insulation (2 windows),
effect 60 % of outdoor measures

0.5 mill 570 None (indoor effect only)

Porous asphalt double layer 0.3 mill 940 Only motorways (high speed
and space for drainage)

Noise barriers 0.2 mill 4200 Not in narrow streets

1
The 27 EU countries + Switzerland + Norway (2010)
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Road authorities can work on three different noise abatement strategies:

a. International regulations on the noise sources

For society in general, it is important for road authorities to push for the vehicles to be quieter.
Reducing noise from vehicles is more than seven times less expensive than any other measure
outlined above. This could be undertaken by the following three actions.

1) Advising national governments to have a position on the proposal for Regulation on sound
level of motor vehicles, COM(2011)856, which includes strict noise limits and long-term
strategy for noise reduction.

2) Advising national governments to have a position when the Regulation concerning type-
approval requirements for the general safety of motor vehicles, their trailers and systems,
components and separate technical units intended therefore, (EC) No 661/2009, will be
revised. Such position may include a long-term strategy in reduction of noise limits and
paying particular attention to tyres for heavy vehicles.

3) Advising national governments to promote use of low noise tyres.

b. National measures to be fulfilled by road administrations

When following this strategy, the road administrations should exploit noise abatement measures in
the following manner.

 Use thin layer asphalt as the preferred measure to reduce the general noise annoyance.
 Porous double layer asphalt is significantly more costly than single layer, even though the

noise reduction is doubled. Porous double layer asphalt is probably more suitable as a
local measure than a measure to reduce the general noise annoyance, because single
layer gives more value for money.

 Continue research and testing in order to develop new, better and more cost effective low
noise pavements.

c. Local measures - Reduce noise exposure at a specific location

There might be legal obligations to reduce the noise to a certain noise level and the local
circumstances might alter the costs and benefits for each possible measure substantially. Noise
barriers and façade insulation are examples of such local measures.

This report does not give further guidance related to these specific local cases.
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1 Mandate

This report was prepared by the CEDR Project Group Road Noise (CEDR PG Road Noise).
CEDR, Conference of European Directors of Roads, is a non-profit organization with 24 member
countries. 17 member countries participated in the Road Noise working group. The strategic goals
for the work are listed in the CEDR Strategic Plan 2009-13 (CEDR, 2008). In SP2, the road noise
topic is part of the Thematic Domain (TD) Construction. TD Construction shall focus on the role of
the National Road Authorities in monitoring developments in the fields of standards and EU
directives, as well as in environmental and road safety issues, and the goals are to:

 develop and share knowledge on a sustainable infrastructure;
 take appropriate action on EU directives;
 monitor European lawmaking;
 establish and update modern standards in line with the objectives of the National Road

Authorities.

As representatives for the road authorities, the CEDR PG Road Noise has focused primarily on the
noise information that was available in the TNO-report (TNO, 2011), commissioned by the EU
Commission, DG Enterprise and Industry.
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2 Introduction

Over the years noise from road traffic has become a significant problem in our society. Other traffic
related health-sensitive issues such as traffic safety and air pollution seem to be gradually
improving, however, the problems associated with road traffic noise continue to grow. The negative
trend for road traffic noise is due to an increase in noise emissions and exposure to road traffic
noise. The increase in noise emissions is mainly due to a constant growth in vehicular traffic and
the fact that noise generated by each vehicle and its tyres has not been significantly reduced in
recent years. Urbanization, people moving from rural quiet areas to noisier environments, and new
roads also lead to an increase in exposure. The actions taken during the last decades against
environmental noise are not adequate to compensate for these changes.

This report compares the effectiveness of different types of noise abatement measures to reduce
noise annoyance in relation to the cost of each of these measures. The noise abatement measures
investigated are noise barriers, facade insulation, quieter road surfaces and development and
production of quieter vehicles. Also, tyre noise is considered in the report, but the lack of
information on tyres has lead to a different approach been adopted for tyres than for the other
measures. Information concerning noise barriers, facade insulation and quieter road surfaces is
gathered and reviewed by the CEDR PG Road Noise to give the most updated information.

The purpose of this report is to provide support for strategies, plans and stakeholder positions for
future actions for cost effective solutions to reduce adverse noise effects. This way, more noise
reduction can be achieved for every euro spent on noise abatement.



Value for Money in Road Traffic Noise Abatement Page 9/49

CEDR Project Group Road Noise: subgroup tyre/vehicle noise 1.3.2013

3 Noise exposure in Europe

This report is based on noise exposure data obtained from the European Environmental Agency
(EEA) and the European Topic Centre on Land Use and Spatial Information (ETC LUSI), on behalf
of the European Commission. This is the latest noise exposure data for Europe.

For noise exposure affecting all people in Europe, we have adjusted the distribution of noise
exposure of agglomerations (given in the EEA data) to reflect the fact that the total population of
Europe is a little less noise exposed compared to people living in agglomerations. This approach is
in accordance with the TNO report, where it is argued that 44 % of the people are exposed to noise
levels above 55 dB Lden

2 in total, compared to data from EEA stating that 51 % of inhabitants in
agglomerations are exposed to noise above 55 dB Lden. Some roads have restrictions or very low
traffic flow and some dwellings are quite far from the nearest road, therefore, as a consequence
approximately 10 % of the population in Europe is hardly exposed to any traffic noise (TNO, 2011).
In this report no traffic noise exposure equate to exposure less than 40 dB Lden.

Accurate information on noise levels for all people in Europe exposed to road traffic noise is not
available. Hence, a best estimate of noise exposure in 5 dB intervals has been used. As a point of
reference, a representative value somewhat lower than the average for each interval is identified
and used in the calculations, i.e., 67 dB Lden is the point of reference for the interval 65.0 – 69.9 dB.
This simplifies the calculation of annoyance and gives a satisfactory accuracy for our purpose.

There is currently no information regarding the internal distribution between the three noise bands
40-44, 45-49 and 50-54 dB. Hence, the choice has been to use an even distribution, see Figure 1.
It fits quite appropriately with the more substantial noise interval data and tends to be on the
conservative side, therefore, it does not overestimate the noise exposure.

The noise exposure distribution (in percent) of people living in agglomerations is used for
calculation of measures mainly implemented in agglomerations or densely populated areas. The
noise exposure distribution for all people of Europe is used for the calculations of benefits for
vehicles. This is because vehicles influence the entire road network and just not only people living
in agglomerations.

Figure 1 Distribution of people (in percent) in noise bands inside agglomerations and for Europe in
total

2
Lden is the A-weighted long-term average noise level, determined for all the day, evening and night periods

of a year, as defined in the Directive 2002/49/EC.
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4 Annoyance

To investigate possible strategies for governments to pursue noise abatement and give a
recommendation on which strategy will be most beneficial for society at large, this report focuses
on reduction in noise annoyance. Out of the 514 million people in Europe in 2010 (EU27 + CH +
NO) there are 98 million people annoyed by road traffic noise (Annex A). Any measure
implemented will change the number of annoyed people at a certain cost. This cost is divided by
the number of people no longer "annoyed" as a result of implementing a certain measure. This is
the cost of reducing the noise annoyance by one.

4.1 Why annoyance?

It is not easy to find an exact monetary value when calculating the benefit of noise reduction, as it
varies a lot between different countries. However, the degree of annoyance is less discussed.
According to the WHO (2011) noise annoyance is widely accepted as an end-point of
environmental noise that can be used as a basis for evaluating the impact of noise on the exposed
population. A definition of annoyance is given by the European Commission Noise Team (2000):
Annoyance is the scientific expression for the non-specific disturbance by noise, as reported in
field surveys. By choosing annoyance as our measurement for noise impact, we restrict the noise
problem to concern only those negatively affected by noise at a given noise level.

Figure 2 WHO pyramid of health effects of noise

A change in the number of people being annoyed has a value to each individual as well as to
society at large. Looking at the reduction in noise annoyance reflects the value of a noise
abatement measure. Both "annoyed" and "highly annoyed" are well accepted indicators. It could be
argued that the indicator "highly annoyed" is likely to better reflect the direct health effects from
noise exposure. It is assumed that people being highly annoyed to a larger extent will be disturbed
and wake up in the night, be more exposed to increased blood pressure and reduction in DALYs
(expected life years) as expressed by WHO (2011). Because of this both indicators have been
investigated. The results of the calculations of reduction in "annoyed" and "highly annoyed" will be
compared in the analysis.
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)42(5118.0)42(10*436.1)42(10*868.9% 2234  
DENDENDEN LLLHA

)37(5353.0)37(10*11.2)37(10*795.1% 2234  
DENDENDEN LLLA

4.2 How annoyance is calculated

Annoyance is calculated as a percentage of the population likely to be annoyed when exposed to a
specific noise level Lden. There is a large variation in individual annoyance reaction. However, most
policy is developed according to the overall reaction to exposure in the population. The annoyance
curves that have been found by Miedema and Oudshoorn have rather narrow confidence intervals,
which means that the curves are known rather accurately for the population as a whole (Miedema
et al, 2001).The noise exposure data is used in the following annoyance equation for road traffic
noise:

(1)

where A is the percentage of the respondents who at a given noise level Lden will find traffic noise
annoying.

(2)

where HA is the percentage of the respondents who at a given noise level Lden will find traffic noise
highly annoying.

Figure 3 illustrates the difference between "annoyed" and "highly annoyed". For every measure
evaluated we have first calculated the number of people affected by the noise reduction, and then
the reduction in annoyance per noise band (as given in Figure 1).

Figure 3 The likelihood of being annoyed and highly annoyed when exposed to road noise
(expressed in percent)
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5 People affected by reduction in road traffic noise

The reduction in calculated annoyance and the corresponding cost effectiveness of a noise barrier
or a noise reducing road surface will depend on the number of people affected. This depends
further on the type of road in close proximity to where they live. Table 2 illustrates the variation
between different road categories and the number of inhabitants per km alongside each category
of road. The numbers of exposed people per km are estimates from noise mapping and
demographic data. The data in Table 2 is the basis when calculating how many people will be
affected by a noise reducing measure. For example, noise barriers will be most effective when
used on urban motorways, where there are about 1000 inhabitants per km.

Table 2 Type of roads and how they are categorized (TNO, 2011)
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6 Cost calculations

To make the measures easily comparable, our approach has been to look at a total spending of
EUR 6 billion in net present value for each type of measure. This amount of money is chosen since
the "option 5" in the TNO report (2011) on vehicle noise is estimated to cost EUR 5.993 billion
(rounded off to EUR 6 billion in this report). The "option 5" implies stricter noise limits for vehicles,
giving an average noise reduction for the vehicle fleet of 3.1 dB when fully implemented. In spring
2011, "option 5" was presented to EU working groups on noise as the recommended suggestions
for new type approval limits for vehicles. In December 2011, this option was implemented in
Proposal for a Regulation of the European Parliament and of the Council on sound level of motor
vehicles, COM(2011) 856 final.

6.1 Additional costs for investment and maintenance

The additional costs of implementing noise mitigation measures are compared to the changes in
noise level and annoyance. In the case of resurfacing roads, only the additional cost of
implementing a noise reducing surface, compared to normal asphalt, and the additional cost for
maintenance are included in the calculations. In the case of façade insulation, only costs due to
noise considerations in the refurbishing of a dwelling is used and matched with the reduction in
annoyance for the people living in the dwelling.

When implementing the different measures, the investment costs are mostly due in year one
(immediately). The maintenance costs are distributed over the 20 years calculation period. This
planning horizon fits the data accessible from the TNO report (2011) and has been implemented
when calculating all other measures. The cost distribution (investment and maintenance) over time
is expected to vary. The measures without any maintenance costs or need for remaking in a 20
year period, will have all EUR 6 billion spent on the initial investment. For road surfaces, the cost
distribution is calculated with an initial investment, annual maintenance as well as repaving after
13-14 years. For vehicles, it is expected to be a five year research and development period
followed by a larger production cost per vehicle when the new technology enters production (TNO,
2011). Due to the large difference in cost profile between different measures, net present value
(NPV) is calculated to make them comparable, using a discount rate of 4 %.

6.2 Is EUR 6 billion an unrealistic amount of money?

To establish if EUR 6 billion is an unrealistic amount of money to spend on noise abatement
measures, the sum of money was divided among European countries weighted on the number of
inhabitants in each country (see Annex B). As illustrated in the annex, the length of noise barriers
one could get in each country is not unrealistic. Denmark would get 24 km of noise barriers,
Estonia 6 km and Ireland 20 km. For bigger and more densely populated countries like Germany
and France, the length of noise barriers would be 361 km and 275 km, respectively. Some
countries probably spend an amount of money of this magnitude today on noise barriers and
façade insulation. Increased awareness of the negative health effects of noise, higher expectations
on quality of new roads, stricter regulations etc., can lead to even higher expenses for noise
measures in the European countries.
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7 Noise abatement measures

The most common noise abatement measures for road traffic noise have been investigated. In
addition, noise reduction as a consequence of stricter sound limits for type approval of vehicles
and tyres have also been considered. The following noise measures are included in this report:
1. Noise barriers
2. Facade insulation of dwellings
3. Porous road surfaces (single and double layer)
4. Thin layer surfaces (dense)
5. Vehicle noise limits for type approval (3 and 5 dB)
6. Tyre noise limits for type approval

The 17 European countries participating in the CEDR PG Road Noise were consulted, using a
questionnaire about effects and costs of the different common measures (point 1-4). From the
responses received, average or representative values for Europe were chosen. These figures were
distributed to the same group for comments and afterward discussed in a CEDR PG Road Noise
meeting. From this iterative process, final values where concluded, see Annex C and Annex D.
The data for changes in noise exposures and annoyance from vehicles is derived from the TNO
report (2011). The CEDR group has not changed any information in the TNO report, which deals
with vehicle noise reduction.

7.1 Noise barriers

Noise barriers are commonly used in road construction to reduce exposure to road traffic noise.
They are usually not suited in city centre locations due to the lack of space between the road and
the receiver. Noise barriers are costly and are mainly used as a local abatement measure to meet
legal obligations. When we consider the effect of noise barriers (i.e., how many people benefit from
the measure), the distribution for noise exposure in agglomerations is used.
Noise barriers along state roads are often 3 to 4 m high and constructed along urban motorways. A
noise barrier is in general most effective for dwellings close to the barrier. As a consequence, not
all dwellings behind a noise screen have the same reduction in noise levels. In general, the greater
the distance between the receiver and the noise barrier, the less effective the noise barrier will be.
In the calculations, this is taken into account by assuming that the people living behind a noise
barrier are distributed in different noise bands. Those in the highest noise band, closest to the
barrier, has a reduction of 8 dB (see Figure 4), those in the next noise band (a little further away)
have a reduction of 7 dB, then 6 dB, 5 dB etc., until you only have an effect of 1 dB in the lowest
noise band (40-44 dB).

Figure 4 Example of noise reduction behind a 4 m high noise barrier (traffic volume 25 000, speed
80 km/h, heavy trucks 15 %, soft ground)
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Costs

The average cost of a 4 m high noise barrier is EUR 1600 per linear m (EUR 400 per m²), and the
annual cost for maintenance is EUR 77 per linear m. Investing EUR 6 billion in net present value in
noise barriers will results in EUR 3.627 billion being used for investment in new noise barriers to be
built in one year and having a lifetime of 20 years. This gives in total 2267 km of noise barriers,
requiring an annual maintenance cost of EUR 175 million.

People affected

Noise barriers are assumed to be mostly used alongside urban motorways in agglomerations,
which, according to Table 2, amounts to 1000 exposed people per km of road. To protect all these
exposed people per km, there is a requirement to have noise barriers on both side of the road.
Building 2267 km of noise barriers along 1134 km of roads will have an influence on
1 134 000 people. These affected inhabitants are distributed in noise bands according to the
distribution for agglomerations. Those living closest to the road, with the highest noise exposure,
will experience the largest noise reduction, in average 8 dB.

7.2 Facade insulation

Façade insulation can include new windows, doors, walls, ventilation etc., and it differs from
country to country on how comprehensive this measure is. As result of the questionnaire to the
CEDR PG Road Noise, the most effective and least costly option is used in our calculations: to
replace two windows per dwelling.

Façade insulation is mainly used in urban areas. If the density of dwellings and people is low,
façade insulation can also be the preferred choice alongside rural roads. Façade insulation will not
improve the quality of outdoor recreational areas, as for example, the roadside noise barriers will.
The exposure-response relationships for annoyance are based on outdoor noise levels.
A mitigation measure reducing only the inside noise level, and not the outside, is less likely to
reduce the annoyance to the same extent. Due to lack of a methodology to calculate reduction of
noise annoyance when only indoor noise level is reduced, we have used a simple approach and
calculated two alternatives: (a) assuming full effect on annoyance reduction and (b) assuming
60 % effect on the annoyance reduction (WSP Analys&Strategi, 2012).

Costs

The cost of replacing two windows is set a EUR 3000 per dwelling. There are no maintenance
costs and the windows will last for the entire calculation period of 20 years. Initially, all of the
EUR 6 billion will be invested which will result in 2 million dwellings getting new windows.

People affected

Façade insulation is a measure used mainly for the highest noise levels, when other measures, like
noise barriers, are not an option. Façade insulation is assumed to be a noise reducing measure for
those exposed to the highest noise levels, and consequently only those with noise level greater
than 65 dB is included in the calculation.
As calculated, 2 million dwellings will get new windows. Assuming 2.4 people living in each
dwelling (Eurostat, 2010), 4.4 million people will get a noise reduction of 8 dB. The number of
affected people will be the same regardless if we assume full effect on annoyance reduction or
60 % effect on the annoyance reduction, but the cost effectiveness will be less if the effect is only
60 %.
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7.3 Porous road surfaces

In 65 % of the CEDR member states, noise is one parameter amongst a number of others that
needs to be taken into account when choosing a new road surface. However, only 20 % of the
member states include noise-reducing pavements in guidelines or similar documentation (CEDR,
2010). Porous asphalt is only used on a large scale on the motorways in the Netherlands. The
Dutch "cost figures" for porous asphalt are used as a reference point for use of porous asphalt on a
larger scale. Many countries would probably have to invest in development and test tracks,
introduce procedures for testing the acoustic quality, the conformity of production etc., before
starting to use porous asphalt on a regular basis. The costs for these adaptations are not taken
into consideration.

The Netherlands use both one-and two-layer porous asphalt. One layer is less expensive, but also
gives less noise reduction compared to the two-layer porous asphalt. Noise reduction of porous
asphalt varies considerably during its lifetime, and a representative value for the average noise
reduction is therefore chosen. The noise reduction as average for the lifetime is 2 dB and 4 dB,
respectively for single and double layer, compared to dense asphalt concrete, DAC16, as a
reference pavement. Cost and benefits have been calculated for both alternatives.

Costs

Spending EUR 6 billion on porous road surfaces will have to be split between investment and
maintenance. For single layer porous road surface EUR 2.19 per m2 is the additional cost
compared to normal dense asphalt and a further spending of EUR 0.24 per m2 on additional
annual maintenance. For two-layer porous asphalt, the corresponding cost figures for investment
are EUR 10.45 per m2 and EUR 1.85 per m2 for maintenance.

Roads that are identified to be appropriate for porous asphalt are assumed to be 25 m wide,
4 lanes with an additional emergency lane and the surface is expected in these calculations to give
a life time expectancy of 13 years. To cover the time horizon of 20 years, a second resurfacing is
included. This resurfacing will have half of its life time left at the end of the time horizon. Therefore,
only half of the cost of the second resurfacing (EUR 1.095 and EUR 5.225 per m²) is included.

Of the initial EUR 6 billion, EUR 2.20 billion will be available for the initial investment if single layer
is chosen and EUR 1.67 billion if double layer is chosen. This will produce 40 232 km roads with
single layer porous asphalt or 6 380 km double layer porous asphalt.

People affected

Porous asphalt is expected to be mainly used on urban motorways, which have high speed limits
and a high density of inhabitants. If we assume that there are enough kilometres of urban
motorways to spend EUR 6 billion (in total for investment and maintenance), a total number of
40.2 million people will experience a noise reduction if single layer is chosen, and 6.38 million
people will experience a noise reduction if double layer is chosen. As for noise barriers, the
affected inhabitants are distributed in noise bands according to the distribution for agglomerations.
For porous asphalt the noise reduction is assumed to be the same for all inhabitants alongside the
road, independent of the distance between dwelling and road, as long as the noise level is above
40 dB Lden.

7.4 Thin layer road surfaces

The noise reducing effect of thin layer surfaces is due to smaller aggregates size, sometimes with
optimized mixes to make it semi-dense or have an open graded surface. Thin layer surfaces are
used as noise reducing surfaces, but very few countries use these pavements to a large extent.
Only Denmark and the Netherlands contributed with experience data. The CEDR PG Road Noise
concluded that the Danish figures for costs, life time and noise reduction were representative of
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what could be expected with the use of such surfaces, therefore, these figures are used in the
calculations.

In Denmark, a dense asphalt concrete with 11 mm aggregate (DAC11) is normally used as
reference pavement. Compared to this reference pavement, thin layer surface has a noise
reduction of 2 dB.

Costs

The additional cost for thin layer asphalt compared to normal DAC11 is EUR 1.5 EUR per m2.
Roads that are suitable for thin layers are assumed to be 18 m wide (4 lanes) with a lifetime
expectancy of 14 years. The cost of the second resurfacing is only half (EUR 0.75 per m2) since
the second resurfacing will have half of its life time left at the end of the 20 year calculation period.
There is no extra maintenance cost for thin layers. The roads are assumed to be 18 m wide, a
normal two-line (sub)urban road. Out of the initial EUR 6 billion, EUR 4.799 billion will be available
for the initial investment. This will produce 177 740 km road with noise reducing thin layer surface.

People affected

Noise reducing thin layer asphalt is expected to be used on suburban roads. Thin layers can be
used on city streets where people live very close to the road. The affected inhabitants are
distributed in noise bands according to the distribution for agglomerations. Assuming 500 people
per km road, according to density alongside main roads in Table 2, spending EUR 6 billion would
reduce noise exposure for 88.8 million people.

7.5 Vehicle noise limits for type approval

Noise limits for vehicles are under discussion in the EU. The European Commission DG Enterprise
and Industry ordered a study which was undertaken by TNO Science and Industry on potential new
noise limits and their associated effects on noise reduction and costs. Costs are calculated for
society at large, but also for governments, auto industry and consumers. The TNO report (2011)
gives the best available data on noise reduction of vehicles and the actual effect alongside roads.

As stated in paragraph 6, "option 5" in the TNO-report represents the ambition level in the Proposal
for a Regulation of the European Parliament and of the Council on sound level of motor vehicles.
The effect of limit changes on vehicle noise emission under real conditions depends on whether
tyre or powertrain noise is dominant, which in turn depends on road surface, vehicle design,
operating conditions, driving style and wear. In the TNO report, these factors are taken into
consideration and the road traffic is distributed on different types of roads (Table 2). Depending on
the type of road (speed, % heavy vehicles etc.) option 5 will reduce the Lden level by 2.7 to 4 dB
alongside roads. The average noise reduction is 3.1 dB.

From a health perspective, it is desirable to have an even better noise reduction than 3 dB. The
organisation Transport & Environment has commissioned an extension to the TNO report (2011)
where a new option with 5 dB noise reduction is investigated (TNO, 2012). This alternative is
added to the CEDR PG Road Noise calculations.

Costs

According to the TNO report (2011) the total cost for development and production of new vehicles
which in real traffic gives a noise reduction of 3.1 dB is EUR 5.993 billion.
According to the TNO report (2012), commissioned for the European Federation for Transport and
Environment3, the total cost for development and production of new vehicles which in real traffic
gives a noise reduction of 5 dB is EUR 10.2 billion.

3
Transport and Environment is an international non-profit organization which represents, and is supported

by about 50 organisations across Europe.
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The authors are aware that a report written by UTAC and TUV Nord Mobilität on behalf of
European Automobile Manufacturers' Association, ACEA (Pardo and Steven, 2010), estimates the
costs to be much higher than given above. The production costs found in the report for ACEA are
similar to those quoted in the TNO report (2011). In contrast, estimates of investment costs vary
widely. The report for ACEA concludes that a 3 dB noise effective reduction of the limit values for
M1 vehicles4 would cost EUR 26 million for each vehicle type, whilst a 4 dB reduction would cost
EUR 59 million. There are reasons to believe that the estimate from ACEA is far too high (Experts
letter, 2012).

People affected

All people considered to be exposed to road traffic noise in Europe (90 % of the inhabitants) are
also considered to be affected by the vehicle noise reduction. Therefore, we have used the
distribution in noise bands to be representative for the whole of Europe and not only for the
agglomerations. The people being exposed to road traffic noise will all have the same reduction in
their noise exposure level. This measure takes effect gradually and will only be fully in place after
all vehicles are replaced 12 years after coming into force of the new noise limits (TNO, 2011).

The number of annoyed people are based on the calculated Lden levels and exposed number of
people alongside the different road types (Table 2). A 3.1 dB noise reduction for vehicles will,
according to our calculations, give a reduction in annoyance for 19.7 million inhabitants. This is a
little less than given in the TNO report itself (24 million), which is probably due to the extrapolation
of inhabitants in TNO (2011). A 5 dB reduction in road traffic noise will affect the same people, and
yield an even bigger reduction in annoyance.

7.6 Tyre noise limits for type approval

Tyres have a great impact on road traffic noise. Depending on the speed and gear, tyre/road noise
can cause higher noise levels than the noise produced from the power train. For light vehicles,
tyre/road noise is equal to power unit noise, or dominates, at speeds higher than 30-40 km/h. For
heavy vehicles, the tyre/road noise dominates at speeds above 60-70 km/h. Differences in noise
properties between different tyres indicate that there could be an important potential to mitigate
noise from tyres in a cost effective way.

Both the FERHL report (2006) and TNO report (2011) have tried to establish the relationship
between costs and benefits from investing in less noisy tyres. The FEHRL report concluded that
the cost estimate figures the tyre industry, ETRTO, had offered to their investigation were
considered to be very significant overestimates. According to the TNO report (2011), the tyre
industry claims that the accumulated cost for a 3.1 dB noise reduction for vehicles, would result in
a EUR 10.8 billion cost for the tyre industry (tyre noise also influence the type approval noise level
for vehicles). In their conclusions, TNO has highlighted this cost for the tyre industry, but chosen
not to take tyre cost into account when calculating the cost-benefit ratio. The authors of this CEDR
report assume this is due to scepticism about the cost data.

Since there is a lack of data for costs connected to less noisy tyres, we have not been able to use
the same approach for tyre noise reduction as for the other measures. Tyre noise is further
discussed in chapter 10.

4
Category M1 vehicles are used for the carriage of passengers and have no more than eight seats in

addition to the driver's seat
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8 Results

By dividing Net Present Value (NPV) of each measure by the change in number of people annoyed
or highly annoyed, the cost of making one person not annoyed any more is derived. The initial
investment for each measure depends on the spending needed for maintenance and repaving to
maintain the noise characteristics of the measure in the 20-year period used for comparison. The
initial investment available is divided by the cost per unit to implement the measure. Then, the
volume of each measure is multiplied by the number of people affected per unit of volume, to get
the total number of people affected. A summary of the results is given in Table 3.

Table 3 The initial investment costs for the different abatement measures leads to a given amount
of noise barriers, new windows etc., and from this the number of people who gets a noise reduction
is calculated.

Initial investment in
billion EUR

Cost per unit Volume of
abatement
measure

People affected per
unit

Noise barrier 3.627 EUR 400 per m
2

2 238 km
(4 m high)

500 per km*

Façade 6 EUR 3000 per
dwelling

2 mill dwellings 2.4 per dwelling

Porous asphalt
single layer

2.082 EUR 2.14 per m
2

38 825 km 1000 per km

Porous asphalt
double layer

1.610 EUR 10.45 per m
2

6 155 km 1000 per km

Thin layer 4.418 EUR 1.5 per m
2

163 632 km 500 per km

Vehicle (3 dB) 5.993** All vehicles All people exposed
to traffic noise
(> 40 dB)

Vehicle (5 dB) 10.2** All vehicles All people exposed
to traffic noise
(> 40 dB)

* 1 km noise barriers cover 0.5 km road (need screens on both sides of the road)
** The costs for vehicles include both R&D and extra production costs due to stricter noise limits

Reduction in noise annoyance

From Table 3, the number of people affected by each type of noise abatement measure can be
derived, distributed in noise bands and the reduction in annoyance can be calculated. Table 4
sums up the calculated change in annoyance, and the cost of reducing the annoyance score by
one, if EUR 6 billion in net present value is spent on any of the given measures.
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Table 4 Overview of how an investment of EUR 6 billion will reduce the number of people annoyed
by road traffic noise, and the cost of making one person not annoyed anymore (reduce the noise
annoyance by one).
Measure Noise reduction

(dB)

People affected

(million)

Reduction in
annoyance

Cost of reducing
annoyance by one

(per year in EUR)

Noise barrier 8 – 1 1.12 71 500 4200

Façade insulation 8 4.8 834 000 360

Façade insulation
(60 % effect)

8 4.8 500 000 570

Porous double
layer

4 6.2 320 000 940

Porous single layer 2 38.8 1 050 000 290

Thin layer asphalt 2 81.8 2 200 000 136

Vehicle noise
(3 dB)

3.1 463.0 19 664 000 18

Vehicle noise
(5 dB)

5.2 463.0 31 525 000 16

Table 5 summarizes the calculated change in highly annoyed, and the cost of reducing the "highly
annoyed" score by one if EUR 6 billion in net present value is spent on any of the given measures.

Table 5 Overview of how an investment of EUR 6 billion will reduce the number of people highly
annoyed by road traffic noise, and the cost per year of making one person not "highly annoyed"
anymore (reducing "highly annoyed" by one)
Measure Noise reduction

(dB)

People affected

(million)

Reduction in highly
annoyed

Cost of reducing
one person from
highly annoyed

(per year in EUR)

Noise barrier 8 – 1 0.86 40 000 7500

Façade insulation 8 4.8 345 000 870

Façade insulation
(60 % effect)

8 4.8 230 000 1300

Porous double
layer

4 4.9 165 000 1800

Porous single layer 2 29.9 553 000 540

Thin layer asphalt 2 63.0 1 266 000 260

Vehicle noise
(3 dB)

3.1 384.0 9 616 000 36

Vehicle noise
(5 dB)

5.2 384.0 15 244 000 34

The difference in the number of "people affected" in Table 4 and Table 5 is caused by the people in
the noise band between 40 and 42 dB. In the calculations we have a cut-off at 40 dB, and all
dwellings above 40 dB are counted as affected. The graph for "highly annoyed", however, starts at
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42 dB. Hence, there are less people affected when we count only those above 42 dB. These
people may be annoyed, but by definition never highly annoyed, and they are not included in the
calculation of affected people.

Difference between annoyed and highly annoyed

As illustrated in Figure 2, there are less people highly annoyed than annoyed for a given noise
level. Table 4 and Table 5 confirm this, and the cost per person "highly annoyed" is higher than for
"annoyed" for all measures. The measures are in general doubled in cost. The relative difference
between the costs is least for façade insulation and biggest for vehicle noise. Still, the same order
of cost effectiveness is achieved for the annoyed and highly annoyed. The sensitivity analysis,
discussion and conclusion will focus on the annoyed.
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9 Sensitivity analysis

In order to get a better understanding of the robustness of the results and to get a second opinion
of our calculations, an external run of sensitivity analysis has been conducted by the Institute of
Transport Economics in Norway. They have performed a sensitivity analysis, but they have not
reviewed the input factors used in this report. Their conclusion is that the calculations appear
reasonable and the sensitivity analysis underlines the results in this report.

For running the sensitivity analysis, a web based tool developed in the EU project HOSANNA, has
been used. Uncertainty is set at plus and minus 30 % on all costs and benefits. The uncertainty
analysis is performed by making 10 000 Monte Carlo simulations. The results of the sensitivity
analysis are illustrated in Figure 5, and the report is given as Annex F.

Figure 5 The abscissa axis shows the simulated cost effectiveness results (costs of reducing
annoyance by one) and the uncertainty (lilac to the left and grey to the right of the simulated point
estimate); which are comparable to 90 % confidence intervals (5 % to either side).

From the sensitivity analysis we can conclude that stricter noise limits for vehicles, reduction of
3.1 dB, will perform economically better than the competing alternatives – given that actual costs
and benefits lie within the specified uncertainties.

From the vehicle industry it is claimed that real life noise level will not be reduced by 3.1 dB, as
stated in the TNO report (2011), but only by 1.5 dB. As a worst case scenario, the sensitivity
analysis is also performed with only 1.5 dB noise reduction. With a noise reduction of 1.5 dB
instead of 3.1 dB, there is a very slight chance that thin layer asphalt could perform economically
better than the integrated vehicle package.
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10 What about tyres?

Two methods can be used to compare reduction of tyre noise with other noise mitigation
measures:
a) To calculate costs to make one person not annoyed with estimated noise reduction and

estimated extra costs for development and production. This is the same approach as for the
other measures in this report. However, the result will have very high uncertainty, based on
very poor information of extra costs, as stated in paragraph 7.6.

b) To calculate how much extra cost one could accept on tyres compared to other noise
abatement measures. This is the reverse way of calculating the costs; a given cost per
person not annoyed will lead to a given cost per tyre. The results will illustrate what extra
costs will yield the same effectiveness as for the other measures.

Since we have not found reliable cost figures for noise reduction of tyres, we choose to reverse the
calculations, as described in b). We turn the question "up-side-down" and ask: If society requires
equal cost effectiveness for tyres, as for other measures, how much extra could society (producer
and/or consumer) pay per tyre?

The following assumptions are made:
 There are about 243 122 000 vehicles in Europe today. If these vehicles change tyres every

fourth years, the associated annual sales of tyres will be 243 122 000.
 The average price for one tyre is EUR 80 (based on prices given in figures in Annex E)
 The potential for noise reduction from tyres are assumed to be 1-2 dB (on the road), and

calculations are made for 1 dB and for 2 dB.

Example of the calculations made:

Using thin layer asphalt, the cost of reducing annoyance by one is EUR 136 per year, and the Net
Present Cost (NPC) of keeping one person not annoyed anymore for 20 years is EUR 2720. If
tyres could reduce noise by 1 dB (compared to 2 dB for thin layers), and all people being annoyed
gets a noise reduction, since tyres affect the whole population, this will reduce the number of
people annoyed by 6.6 million. To be as cost effective as thin layers, the cost per annoyed can be
up to EUR 2720, which is the break even point between thin layer asphalt and less noisy tyres.

Multiplying number of reduction in annoyance (6 631 400 inhabitants) with EUR 2720 gives us the
total cost, NPC. The total cost is divided by the total amount of tyres bought in the 20-year period
(243 122 000 tyres*20). This gives us the accepted additional cost per tyre of EUR 3.71.

Hence, if the tyre cost EUR 80 without noise reducing effect, society should accept a 5 % increase
in tyre cost due to noise reductions if the same cost effectiveness as with thin layer asphalt is
required.

This calculation is repeated for all measures and for 1 and 2 dB noise reduction for the tyres and it
is displayed in Table 6.
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Table 6 How much tyres can increase in price to equal the cost of other noise measures
Tires - 1 dB reduction Tyres - 2 dB reduction

Measure to be
equalized

Extra cost per tyre

(EUR)

Percent increase in
tyre price

Extra cost per tyre

(EUR)

Percent increase in
tyre price

Vehicle, 3.1 dB 0.5 0.6 % 0.9 1 %

Thin-layer asphalt 3.7 5 % 7.3 9 %

Porous, single-
layer asphalt

5.8 7 % 11.3 14 %

Façade insulation 10.7 13 % 21.0 26 %

Porous, double-
layer asphalt

25.7 32 % 50.2 63 %

Noise barriers 113 141 % 221.3 277 %

As Table 6 illustrates, the society can accept a significant increase in tyre price to reach the same
reduction in noise annoyance as façade insulation, noise reducing porous double layer asphalt or
noise barriers. But less noisy tyres can only have an extra cost of 0.6-1 % to be as cost effective as
stricter noise limits for vehicles.

Example 1: If tyres can be produced with noise levels 2 dB lower than the average today, and we
want the tyre noise reduction to be an abatement measure just as cost effective as façade
insulations, then the tyre price can be 26 % higher than it is today.

Example 2: If tyres can be produced with noise levels 1 dB lower than the average today, and we
want tyre noise reduction to be as cost effective as thin-layer asphalt, then we can accept a 5 %
increase in tyre price.

An area requiring more work is noise emission from heavy vehicle tyres, since these tyres appear
to have very liberal noise emission limits as outlined in Regulation (EC) No 661/2009. In addition,
re-treaded tyres are not included in the Regulations, although they represent a significant part of
the tyre fleet for heavy vehicles in some countries.

Currently trucks are a significant source of night time noise emission on motorways and this will
probably become more pronounced in the future. A substantial increase in heavy vehicle traffic is
expected to occur in Europe in the next couple of decades. Originally, the EU Commission
proposed more stringent and quite effective noise limits for truck and bus tyres, but later decisions
in the EU Parliament and in the Council almost entirely eliminated these improvements.
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Figure 6 Predicted growth in tonne-km transported by trucks in EU27 from 2005 to 2020 and 2030
[Rich & Hansen, 2009]

Do strict noise limits result in bad performing tyres?

During the hearing on the Regulation that includes noise limits for tyres, Regulation (EC) No
661/2009 concerning type-approval requirements for the general safety of motor vehicles, their
trailers and systems, components and separate technical units intended therefor, the
consequences of stricter noise limits were considered. The relationships and trade-offs between
noise and the other parameters, wet grip, rolling resistance and price, were investigated. Annex E
gives a brief summary of findings. The data in Annex E relates to car tyres (C1 tyres). It seems
sufficient data for C2 and C3 tyres (vans and heavy vehicles) have not been available. Lack of
available data for truck tyres may have been one reason why the most lenient noise limit
reductions were applied to truck tyres in 2009.
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11 Discussion

The trends of increasing urbanization and traffic growth are anticipated to continue into the future.
Today, approximately 100 million inhabitants in Europe are annoyed by road traffic noise. To date,
the extensive (and costly) noise mitigation measures have not been adequate to counteract the
negative trend in general, however, local noise measures on hot spots have had a good effect. A
recent Danish study observes that the road traffic noise level has been increasing by 0.5 dB every
5th year since 1988 (Mette Sørensen et al., 2012). Trucks are a significant source of night time
noise emission, and this will probably become more pronounced in the future. In addition,
urbanization, people moving from rural, quiet areas to noisier environments, also leads to
increased exposure.

Because of the elevated and growing costs associated with mitigating severe noise problems, it is
important to explore the most cost effective measures that can be used regardless of who is in a
position to undertake such measures and who is liable to fund such measures. This survey has
been undertaken by comparing data from a report on vehicle noise limits and noise emission from
vehicles (TNO report, 2011) with the experience of noise abatement costs and effectiveness of
measures traditionally employed by road authorities (represented by CEDR project group Road
Noise). This information was then used together with noise exposure data and formulae for
calculating noise annoyance.

Measures taken at the noise source are the most effective measures and result in the best
reduction in respects of noise-exposed people and noise annoyance. The most cost-effective
measure to reduce noise annoyance is to mitigate vehicle noise because it is seven times more
costly to improve road surfaces. Noise-reducing road surfaces, with the exception of double layer
porous asphalt, are about half the price of facade insulation, in the form of window upgrade. The
most expensive measure is the introduction of noise barriers. However, noise barriers, in contrast
to façade insulation, also help to reduce noise in outdoor areas.

11.1 Limitations of the survey

In this report, each noise measure is evaluated separately and combined effects are not
considered. Noise reducing effects from vehicles and road surfaces cannot be added without
further investigation of how these measures interact. One exception is the noise reduction from
vehicles, where tyre noise is included in the calculations of the actual effects of stricter noise limits
for vehicles (TNO report 2011).

In this report other topics than noise are not considered. Traffic safety, climate and aesthetics are
elements which can influence the choice of noise abatement measure, but such elements are not
taken into account in our evaluation of preferred noise abatement measures. An example is porous
asphalt which gives better traffic handling and reduces risk of aquaplaning. This is positive for
traffic safety, and a factor one could also put a value on.

The chosen parameter to evaluate the benefit of noise reduction is reduction in annoyance. This is
not always the most appropriate indicator to use when choosing noise abatement measures.
Sometimes a severe noise reduction is required and local measures are the only alternative. Such
measures are of importance for adapting to local needs. Local measures, like noise barriers and
façade insulation, will always be of great importance when helping those exposed to the highest
noise levels, where for example, 2 dB is not enough to yield a satisfactory noise level and/or
comply with a regulation.
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It should be stressed that assumptions have been made to simplify the calculations. Sensitivity
analysis has therefore been performed to assess the veracity of the results. The findings are robust
and the uncertainties, simplifications and limitations are not enough to invalidate the conclusions.

11.2 Annoyed versus Highly annoyed

Noise annoyance is an end-point of environmental noise that can be used as a basis for evaluating
the impact of noise on the exposed population. Both "annoyed" and "highly annoyed" are
calculated as a percentage of the population likely to be annoyed/highly annoyed when exposed to
a specific noise level. To control the consequence of our choice of metric for evaluation of noise
impacts, we made calculations for cost effectiveness for both "annoyed" and "highly annoyed". As
shown in Table 4 and Table 5, most measures are doubled in cost when changing from reduction
in "annoyed" to reduction in "highly annoyed", but the ranking of measures are exactly the same.
Changing the metric for impact evaluation will not change the preference of the noise abatement
measure.

11.3 Variations in cost in European countries

The cost for noise abatement measures varies significantly between member states. The costs
chosen in our calculations are assumed to be representative as European averages when the
measures are in common use. For many countries, porous asphalt is not an alternative within their
normal road surfaces, and therefore, the cost per m2 is significantly higher, making this measure
more costly than shown in our calculations. Material and building costs also vary, and the CEDR
members gave values from EUR 100 (Ireland) to EUR 1000 (Finland) per m2 for noise barriers. By
assessing each measure individually, the CEDR PG Road Noise has managed to agree upon
representative values, which are used in the calculations of costs. The sensitivity analyses, Figure
5, demonstrate that a variation of +/- 30 % in the cost figures will not change the ranking of the
different measures.

11.4 On-going discussion in Europe on regulations and directives

Noise emissions from four-wheel motor vehicles are addressed by Directive 70/157/EEC and the
equivalent UN/ECE Regulation No. 51. These regulations are now under revision, after almost
20 years of no changes to the limit values. It has also been recognised that the latest reduction in
1995 did not produce the expected benefits, mainly because current test method do not reflect real
world driving behaviour (CARS 21 High Level Group, 2012).

A proposal for a new EC regulation on sound level of motor vehicles was released in December
2011. At a meeting in Brussels in March 2011, the Commission presented a proposal for the CARS
21 working group 4 which is in line with "option 5" in the TNO report (2011). Hence, this option has
been the basis for the work in CEDR PG Road Noise. By December 2012 the proposal for the new
regulation has not yet been decided on in the European Parliament and the Council, and the
discussions will continue in 2013.

Advising national governments to have a position on the proposal for Regulation on sound level of
motor vehicles, COM(2011)856, which includes strict noise limits and long-term strategy for noise
reduction, could be a way to go to for road authorities to push for vehicles to become quieter. The
original proposal from the Commission has been opposed by the vehicle industry, trying to water
down the proposed noise limits. Examples of arguments from industry and answers found in
research and reports are given in Annex G.

Tyre noise is treated in Regulation (EC) No 661/2009. Lack of available data for truck tyres may
have been one reason why truck tyres got very lenient noise limits in 2009. When speeds exceed
30-40 km/h for cars, and 60-70 km/h for heavy vehicles, tyre noise is the dominant noise source.
According to the regulation, the Commission "…should continue to assess the technical and
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economic feasibility and market maturity of other advanced safety features, and present a report,
including, if appropriate, proposals for amendment to this Regulation, by 1 December 2012, and
every three years thereafter". To ensure that there will be a reduction in tyre noise which will
consequently result in a reduction in general road traffic noise, it is important to urge national
governments to have a position when the Regulations are being revised.

11.5 Summary of discussion

Road traffic noise is the most common cause of environmental noise in Europe, and WHO findings
confirm causal links between noise and annoyance, sleep disturbance and stress responses,
which can lead to increased risk of high blood pressure and cardiovascular diseases (WHO, 2011).
The CEDR PG Road Noise believes that multiple measures are necessary to lower noise to
acceptable levels for those highly exposed to traffic noise in accordance with recommendations
from WHO (1999, 2009).

When the purpose is to reduce noise annoyance for as many people as possible for a given sum of
money, or reduce the number of people annoyed by a certain number as economically as possible,
this report concludes.
 Measures taken at the noise source are in general the most cost effective measures and

result in the best reduction in respects of noise exposed people and noise annoyance.
 Stricter noise limits for vehicles are in particular the most cost-effective measures to reduce

noise annoyance.
 To reduce noise annoyance, noise barriers are the most expensive of the measures

investigated. This is a local measure to be used in special situations, but not a cost effective
measure when it comes to reducing general noise annoyance problems on a national level.

 Low noise tyres are as safe as normal tyres, they do not wear any faster than normal tyres or
result in higher CO2 emissions.

 Multiple measures are necessary to bring the general road traffic noise level closer to
acceptable levels in accordance with recommendations from WHO and to achieve significant
reduction in noise annoyance.
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12 Recommendations

In keeping with the central theme of the Environmental Noise Directive, national and community
policies should aim to achieve high levels of health and environmental protection. The CEDR PG
Road Noise believes the most cost effective actions to mitigate noise should be exploited. Road
authorities can work on three different noise abatement strategies. Our recommendations are
organised according to these strategies.

a. International regulations on noise sources

For society at large, it is important for road authorities to push for road vehicles and tyres to
become quieter. Reducing noise from vehicles is the most cost effective abatement measure, and
more than seven times less costly than any other abatement measure outlined in this report. This
could be done by:

1) Advising national governments to have a position on the proposal for Regulation on sound
level of motor vehicles, COM(2011)856, which includes strict noise limits and long-term
strategy for noise reduction. More specific this might be:
o Significantly stricter noise limits for cars and heavy vehicles, in accordance with the

original proposal from the Commission.
o A long-term strategy in noise limit reductions, i.e. a multistep/3-step approach with

tightening of limits 2, 5 and 8 years after the Regulation enter into force. This will
reduce noise and be predictable for the industry, and

o A "not-to-exceed" maximum noise limit for all vehicles of 90 dB, for highly intrusive
peak noise levels, such as when an engine is revved.

2) Advising national governments to have a position when the Regulation concerning type-
approval requirements for the general safety of motor vehicles, their trailers and systems,
components and separate technical units intended therefore, (EC) No 661/2009, will be
revised which may include:
o A long-term strategy in reduction of noise limits, which over time gives significantly

stricter noise limits for all tyres,
o Paying particular attention to tyres for heavy vehicles, as these tyres had the most

lenient noise limit reduction in 2009, and
o Include re-treaded tyres in the Regulation (EC) No 661/2009.

3) Advising national governments to promote use of low noise tyres. This can be done on a
national level by i.e. incentive schemes.

b. National measures to be fulfilled by road administrations

When focusing on reducing noise annoyance, road administrations should exploit noise abatement
measures in the following manner:

 Use thin layer asphalt as the preferred measure to reduce general noise annoyance.
 Porous double layer asphalt is significantly more costly than single layer, even though the

noise reduction is doubled. Porous double layer asphalt is more cost effective than noise
barriers, but probably more suitable as a local measure than a measure to reduce the
general noise annoyance.

 Continue research and testing in order to develop new, better and more cost effective low
noise pavements.

c. Local measures: Reduce noise exposure at a specific location

There might be legal obligations to reduce the noise to a certain noise level, i.e. when building a
new road. Demand for a significant noise reduction and local circumstances might alter the costs
and benefits for each possible measure substantially. Noise barriers and façade insulation are
often such local measures.
This report does not give further guidance related to these specific cases.
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13 Dissemination

The results from the CEDR PG Road Noise on comparison of different noise abatement measures
have been presented in different forums.
 23 November 2011. STOA-ERF workshop, Brussels. Paving the way for a quieter Europe.

Preliminary results were presented. http://www.erf.be/
 11 April 2012. Workshop on Sound level of motor vehicles, European Parliament, Brussels.

Policy Department A: Economy & Science, Committee on the Environment, Public Health and
Food Safety (ENVI) (Results presented in contribution from Nina Renshaw, Transport and
Environment).

 24 April 2012. TRA2012, Athens, Greece. Poster presentation by Ingunn Milford, Norwegian
Public Roads Administration.

 4-6 July 2012. AIA 2012, Italian Acoustic Association Annual Conference, Rome, Italy. Oral
presentation by Patrizia Bellucci, ANAS S.p.A.

 18 December 2012. Seminar concerning the Regulation on sound level of motor vehicles,
COM(2011)856, Brussels. Presentation of draft report and results. (Summary in Annex H)

http://www.erf.be/
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Annex A Calculation of annoyance

The calculation of annoyance is done by using the annoyance formula as described in chapter 4.
The likelihood of being annoyed depends on the level of noise people are exposed to. The
distribution of people being exposed to noise is according to chapter 3.

We have calculated the likelihood of being annoyed, being in a specific noise band. Taking this
likelihood and multiplying it with the number of people in Europe exposed to noise in this noise
band, the number of annoyed people in this noise band is calculated. By summing up all annoyed
people in the different noise bands the total number of people being annoyed is found.

This is done for populations in European agglomerations as well as the European population in
total.

The TNO report (2011) presumes that 10 % of the population is not exposed to road traffic. The
table below includes EU27 plus Norway and Switzerland.

In agglomerations (2007) Total (2007)

Exposed people People annoyed Exposed people People annoyed

Noise
band

(dB)

Mean of
noise
band

(dB)

% of
population

Million
people

% per
noise
band

Million
people

% of
population

Million
people

% per
noise
band

Million
people

<39 37 10 51.40 0.0 0.00 10 51.40 0.0 0.00

40-44 42 13 66.82 3.2 2.16 14.5 74.53 3.2 2.40

45-49 47 13 66.82 7.6 5.11 14.5 74.53 7.6 5.70

50-54 52 13 66.82 13.4 8.94 14.5 74.53 13.4 9.97

55-59 57 17 87.38 20.6 17.99 16 82.24 20.6 16.93

60-64 62 19 97.66 29.4 28.69 18 92.52 29.4 27.18

65-69 67 9 46.26 39.9 18.46 8 41.12 39.9 16.41

70-74 72 5 25.70 52.3 13.44 4 20.56 52.3 10.75

< 75 77 1 5.14 66.7 3.43 0.5 2.57 66.7 1.71

Sum 100 514.00 98.19 100 514.00 91.05
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Annex B Investment divided between European countries

The invested amount of money in noise abatement measures are divided by country and
population.

If EUR 6 billions are spent on noise abatement in Europe, in net present value over a 20 year
period, it can result in measures as illustrated in the table. For each measure we have assumed
the same amount of money, so it is either road barriers or façade insulation (new windows) or
porous asphalt etc., but not a mix of several different measures.

Cost per country Noise reduction volume per country if Europe spend EUR
6 billion in NPV over 20 years

Country Population

(million)

EUR 6 bill/
population
in Europe

EUR
investment
per year (for
20 years)

Noise
barriers

(km)

Window
upgrade

(number of
dwellings)

Porous
asphalt

(km)

Thin layer
asphalt

(km)

Austria 8.4 97 234 339 4 861 717 37 32 411 652 2 880

Belgium 10.8 125 015 579 6 250 779 47 41 672 838 3 703

Bulgaria 7.6 87 973 926 4 398 696 33 29 325 590 2 606

Croatia 4.4 50 932 273 2 546 614 19 16 977 342 1 509

Cyprus 0.8 9 260 413 463 021 4 3 087 62 274

Czech
Republic

10.4 120 385 372 6 019 269 46 40 128 807 3 566

Denmark 5.5 63 665 341 3 183 267 24 21 222 427 1 886

Estonia 1.3 15 048 172 752 409 6 5 016 101 446

Finland 5.3 61 350 238 3 067 512 23 20 450 411 1 817

FYR of
Macedonia

2 23 151 033 1 157 552 9 7 717 155 686

France 62.6 724 627 336 36 231 367 275 241 542 4 859 21 466

Germany 82.1 950 349 909 47 517 495 361 316 783 6 372 28 153

Greece 11.3 130 803 337 6 540 167 50 43 601 877 3 875

Hungary 10 115 755 165 5 787 758 44 38 585 776 3 429

Iceland 0.3 3 472 655 173 633 1 1 158 23 103

Ireland 4.6 53 247 376 2 662 369 20 17 749 357 1 577

Italy 60 694 530 993 34 726 550 264 231 510 4 657 20 574

Latvia 2.2 25 466 136 1 273 307 10 8 489 171 754

Liechtenstein 0.0354 409 773 20 489 0 137 3 12

Lithuania 3.3 38 199 205 1 909 960 14 12 733 256 1 132

Luxembourg 0.5 5 787 758 289 388 2 1 929 39 171

Malta 0.4 4 630 207 231 510 2 1 543 31 137

Netherlands 16.5 190 996 023 9 549 801 72 63 665 1 281 5 658

Norway 4.80 55 562 479 2 778 124 21 18 521 373 1 646

Poland 38.1 441 027 180 22 051 359 167 147 009 2 957 13 065

Portugal 10.70 123 858 027 6 192 901 47 41 286 831 3 669
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Cost per country Noise reduction volume per country if Europe spend EUR
6 billion in NPV over 20 years

Romania 21.3 246 558 502 12 327 925 94 82 186 1 653 7 304

Slovakia 5.4 62 507 789 3 125 389 24 20 836 419 1 852

Slovenia 2 23 151 033 1 157 552 9 7 717 155 686

Spain 46.7 540 576 623 27 028 831 205 180 192 3 625 16 014

Sweden 9.3 107 652 304 5 382 615 41 35 884 722 3 189

Switzerland 7.7 89 131 477 4 456 574 34 29 710 598 2 640

UK 62 717 682 026 35 884 101 272 239 227 4 812 21 260

Sum 518.34 2 277 2 000 000 40 232 177 740

Sum EUR
net present
value

6 bill 0.3 bill 6 bill 6 bill 6 bill 6 bill
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Annex C Quality control on noise reduction potential

After having an initial questionnaire and presenting the data, each country got the opportunity to
comment on the figures proposed for the calculations. The initial level is the noise reduction
chosen after an initial questionnaire to the CEDR Road Noise Group countries. The new level is
the noise reduction used in the calculations in this document. Be aware that agreement does not
always mean the figure is representative for the country in question, but an agreement of using the
noise reduction value as a representative European value.

Table C.1 Noise reduction potential in dB. Comments from the CEDR PG Road Noise countries
after initial values were set.

Noise barriers Porous Asphalt

(single layer)*

Porous Asphalt
(double layer)*

Thin layer
asphalt*

Façade
insulation

Initial level 8 2 4 2 8

Austria Agree Agree/NIU Agree/NIU Agree Agree

Belgium Agree Agree - - -

Cyprus - - - - -

Denmark 6 NIU NIU Agree Agree

Estonia Agree NIU NIU NIU NIU

Finland Agree Agree NIU NIU NIU

France** - - - - -

Germany Agree 3 in Germany 3 in Germany Agree -

Greece Agree - - - Agree

Ireland Agree Agree Agree Agree Agree

Italy Up to 8 4-6 6-7 3-6 Agree

Latvia Agree Agree Agree Agree Agree

Netherlands Agree Agree 3 to 4 Agree Agree

Norway Agree Agree Agree Agree Agree

Poland Agree NIU NIU NIU Agree

Spain 5 Agree Agree Agree 10

Sweden Agree Agree Agree Agree Agree

New level 1-8 2 4 2 8

*The noise reduction is the relative noise reduction compared to the reference pavement. The figures for
porous asphalt are from the Netherlands, where DAC16 is used as reference. The thin layer data are from
Denmark, where DAC11 is used as reference pavement.
**The representative from France was not present at this stage of the project
NIU = not in use
- = have not answered (could be because the noise measure is not in use)
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Annex D Quality control on costs of noise mitigating measures

After having the initial questionnaire and presenting the data, each country got the opportunity to
comment on the figures proposed for the calculations. The initial cost level was chosen after an
initial questionnaire to the CEDR Road Noise Group countries. The new level is the value (in EUR)
used in the calculations in this document. Be aware that agreement does not always mean the
figure is representative for the country in question, but an agreement of using the noise reduction
value as a representative European value.

Table D.1 The cost (in EUR) for different noise abatement measures. Comments from the CEDR
PG Road Noise countries after initial cost values were set.

Noise barriers
per m²

Porous Asphalt
(single layer)*
per m²

Porous Asphalt
(double layer)*
per m²

Thin layer
asphalt* per m²

Façade
insulation per
dwelling

Initial cost level
(EUR)

595 2.14 10.45 1.5 4100

Austria 200 Agree/NIU Agree/NIU EUR 2-4 EUR 2000 ( if
Ln > 60 dB)

Belgium 300 0 EUR/m²
compared with

SMA 0/10

NIU NIU -

Cyprus - - - - -

Denmark Agree NIU NIU Agree Agree

Estonia 190 NIU NIU NIU NIU

Finland Agree Agree NIU NIU NIU

France**

Germany 309 (2009) 12.9

Greece 200 2001 pilot: 3.52 700

Ireland Agree Agree Agree Agree Agree

Italy 283+foundation Agree Agree Agree

Latvia 600/m NIU NIU NIU 90 000-170 000

Netherlands Agree Agree Agree -

Norway Agree NIU NIU Agree Agree (but
much more

expensive in N)

Poland 140-200 NIU NIU NIU 1200-1800

Spain 400 6000

Sweden 450 4 25 Agree 3000

New level
(EUR)

400 2.14 10.45 1.5 3000

*The cost is the additional cost compared to a normal dense asphalt concrete. The lifetime for porous
asphalt is 13 years (based on Dutch experience), and 14 years for thin layers (based on Danish experience)
** The representative from France was not present at this stage of the project
NIU = not in use
- = have not answered (could be because the noise measure is not in use)
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Annex E Trade-offs between noise and other parameters

A short summary of trade-offs between noise, rolling resistance, wet grip and price for car tyres is
presented here. The diagrams and text are based on the following sources:
1. FEHRL Study SI2.408210 (2005).
2. Type approval requirements for the general safety of motor vehicles, Fundación CIDAUT

(investigation commissioned by the IMCO committee).
3. Open letter on the update of EU tyre noise requirements. To: L. de Prada, Cidaut, consultant

undertaking study for the EP, Dr A. Schwab, rapporteur EP. From: various independent
European experts on tyres and road noise.

4. Factsheet tyre noise. Limit values proposals and measurements. 10 October 2008. Issued by
the Netherlands.

Noise and wet grip

The relationship between noise and wet grip
is given in the figure to the right. As the figure
illustrates, it is not a correlation between
noise and wet grip for normal car tyres.

Noise and rolling resistance

The relationship between noise and rolling
resistance is given in the figure to the right.
As the figure illustrates, it is not a correlation
between noise and rolling resistance for
normal car tyres.

Noise and price of tyres

The relationship between noise and price of tyres is given below. As for the other parameters,
there is no correlation between noise and price of tyres for normal car tyres.
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Annex F Sensitivity analysis
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Annex G Examples of arguments from industry on the European Commission
regulation proposal on the sounds level of motor vehicles

The «arguments» and the «reality» is put together by Transport and Environment5

Argument from industry Reality

"Enough lead time will be needed. If time steps are
too short manufacturer will not be able to implement
properly integrated solutions. Only inefficient short
term solutions are possible."

6

The ENVI proposal delays the Commissions
proposed introduction of the regulation by a couple
of years. Furthermore, in the early 1990s
manufacturers were able to achieve a larger
reduction in vehicle noise levels within just 5 years
after Austria introduced a night time driving ban for
noisy trucks and this limit became the de-facto lorry
noise emission limit throughout Europe.

7

Noise reduction requirements will lead to CO2

emissions increase.
There are clear synergies between improving fuel
efficiency and reducing noise from cars and vans
using current market technologies. Technologies to
make cars quieter such as: downsizing the engine
and using a turbocharger; introducing advanced
engines; using stop-start and hybrid technology all
make cars quieter too.

8

The legislation will 'will only hurt European
automotive industry by reducing its ability to compete
and might even lead to its destruction.'

The Commission Impact Assessment estimates
around EUR 20 per dB reduction per car, and
approximately EUR 250 per dB reduction for each
truck/bus.

9
A study by TNO estimates even these

modest costs are probably too high.
10

The industry is over-burdened with regulation. EU and national noise policies and strategies
recognise that achieving safe road noise levels
requires a reduction of at least 10 dB on today's road
noise levels.

11
Noise emissions limits have not

changed since 1995. The last revision of the noise
standards proved to be ineffective in reducing overall
road noise levels.

12
The amount of vehicle regulation

is totally in proportion to the widespread effects of
vehicles on health and environment.

This legislation has many drawbacks: increased with,
reduced safety not sufficiently validated product
stability and reduced performance.

13

Recent research proves that cutting traffic noise from
vehicles would enable national governments, local
authorities and society at large to enjoy benefits
which would outweigh costs by a factor of more than
thirty to one.

14

5
Transport and Environment is an international non-profit organization which represents, and is supported

by about 50 organisations across Europe.
6

ACEA, March 2012, Agenda item: Noise presentation
7
Quiet incentives in Germany and Austria

8
TNO (2012) Road Vehicle Noise versus fuel consumption and pollutants emissions.

9
TNO (2011) VENOLIVA, Final report, and European Commission (December 2011) Impact Assessment

10
TNO (2012) Reduction of vehicle noise emission – Technological potential and impacts

11
Including EU 6

th
Environmental Action Plan, Noise Green Paper (1996), CALM network, ERTRAC, national

policies in Sweden and Germany (Nationales Lärmschutzpaket, 2009) and organisations including I-INCE
and CAETS.
12

European Commission, Enterprise and Industry – Automotive, Noise emissions of motor vehicles.
13

ACEA, March 2012, Agenda item: Noise presentation
14

TNO (2012) Road Vehicle Noise versus fuel consumption and pollutants emissions.
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Annex H Summary from presentation in Brussels 18 December 2012
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