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2. Executive summary 

Task 6.2 aimed to assess the impact of microplastics emissions from tyres to the 
environment, public health and well-being of citizens, carrying out a cost benefit 
analysis. Information from WP2 regarding abrasion rate and from WP3 regarding the 
fate and quantification of tyre particles to different environmental compartments were 
used to (i) develop different policy scenarios aiming at the reduction of microplastics 
emissions from tyres (ii) evaluate the overall benefit of the different scenarios to the 
environment. Strengths and weaknesses of different scenarios were examined against 
the baseline scenario of no policy change in terms of economic, social and 
environmental impacts. 
 
In this deliverable the fate of microplastics was examined according to the literature. A 
simplified model was developed to assess different mitigation strategies. The model 
assumes that tyre particles reach air, road or runoff. The road was assumed to be 
porous or non-porous with different trapping efficiencies. The runoff was assumed to be 
treated or not. The model was crosschecked with D3.5 (Quantification of TWP in 
environmental compartments and comparison to other microplastics).  
The cost of microplastics (year 2025) was assumed to be 13.8 EUR/kg for those ending 
up to the aquatic environment and 3.8 EUR/kg for those ending up in the soil. The cost 
estimates were based on cost estimates of plastics to the environment. To put the 
number into perspective PM10 has a cost of 29 EUR/kg, while PM2.5 160 EUR/kg in a 
city, and 495 EUR/kg in a metropole. The costs of mitigation measures, (runoff 
treatments) were based on the literature. The costs ranged from a few hundreds of 
thousands (ponds) to millions (wastewater treatment plants). 
 
A few sample cases were examined: 

1. Replacing non-porous with porous surfaces at highway roads. 
2. Improving runoff treatment at highways. 
3. Improving runoff treatment at urban areas. 

 
For the first case, after full implementation of porous roads, a benefit of 460 million EUR 
per year is expected with expected investments recovery after 25-30 years.  
For the second case, after implementation of higher efficiency highway runoff treatment, 
a benefit of 330 million EUR per year is expected, with a total net benefit of 6,000 million 
EUR in the 2025-2050 period. However, for this scenario the cost of tyre particles in the 
surface waters and those deposited was assumed to be equal to the cost in the marine 
environment. Upgrade of all wastewater treatment plants with tertiary treatment can 
result in annual benefits of 594 million EUR. However, upgrading the facilities has high 
costs, which would take longer than 30 to recover if only tyre particles benefits are 
considered.  
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The model can be used to assess other mitigation measures (e.g. tyre filters if they 
become available) or solutions for hot spots, or accelerated biodegradation which might 
have faster recuperation of the investments. 
 
Comparing with D6.1, it is clear from the analysis that addressing the source is the most 
cost-effective approach with an order of magnitude higher cost effectiveness compared 
to treating tyre particles after they have been emitted to the environment. According to 
D6.1 reduction of 10% of the tyres mean abrasion rate results in net savings of 7,400-
14,000 million EUR in the 2025-2050 period, depending on the cost assumptions. 
Thus, measures reducing tyre wear should be prioritized (e.g. tyres with less wear rate, 
reduction of annual mileage and smoother driving, well maintained vehicle etc.). 
 
 
 



3. List of abbreviations and acronyms 

Abbreviation Definition 

BR Butadiene rubber 

CSO Combined sewer overflow 

D Deliverable 

EF Emission factor 

EU European Union 

MF Manufacturer 

MP Microplastics 

MS Member State 

NR Natural rubber 

PAH Polycyclic aromatic hydrocarbons 

PM Particulate matter 

PTI Periodic technical inspection 

SBR Styrene butadiene rubber 

SUV Sport utility vehicle 

TPMS Tyre pressure monitoring systems 

TSS Total suspended solids 

UV Ultraviolet 

WFD Water Framework Directive 

WP Work package 

WWTP Wastewater treatment plants 
 
  



 

8 

 

 
D6.2 – Future policies and mitigation strategies on microplastics emissions 

4. Introduction 

The goal of Work Package 6 (WP6) is to synthesise the knowledge gained during the 
project’s experimental activities into potential new policies and regulations and to 
evaluate their possible future impact for the public health and wellbeing of citizens, as 
well as the social acceptance of the economic impacts that could derive from the new 
policies and regulations. Possible future policy scenarios include tyre airborne particle 
emissions (Deliverable 6.1 or D6.1), microplastics emissions (Deliverable 6.2 or D6.2), 
and tyre noise emissions (Deliverable 6.3 or D6.3). The final executive summary 
(Deliverable 6.4 or D6.4) gathers the most relevant policy recommendations in all the 
three topics. This outcome may contribute to identifying guidelines for future policies 
and envisaging specific actions to mitigate tyre emissions. All tasks build on leading 
projects in the space of research, policy and regulations on the environmental and 
human health aspects of the tyre industry. 
Task 6.2 aimed to assess the impact of microplastics emissions from tyres to the 
environment, public health and well-being of citizens, carrying out a cost benefit 
analysis. Information from WP2 regarding abrasion rate and from WP3 regarding the 
fate and quantification of tyre particles to different environmental compartments were 
used to (i) develop different policy scenarios aiming at the reduction of microplastics 
emissions from tyres (ii) evaluate the overall benefit of the different scenarios to the 
environment. Strengths and weaknesses of different scenarios were examined against 
the baseline scenario of no policy change in terms of economic, social and 
environmental impacts. 
Initially, input from WP3 allowed for a reliable estimate of the amount of microplastics 
emissions from tyres to different environmental compartments. Afterwards, a 
quantitative and qualitative baseline scenario was developed considering the possible 
evolution of the problem in a no policy change scenario. This baseline scenario 
considered the increasing penetration of new technologies and vehicles to the market 
and their influence on microplastics emissions. The definition of the objectives to be 
achieved at EU level followed, taking into account the developments in other on-going 
initiatives related to the topic. At a next level, prevailing future policy scenarios were 
developed based on the objectives, reduction measures, and developments on the 
abrasion rate method. 
The impact of the proposed scenarios on public health and well-being of citizens along 
with a cost-benefit analysis was examined and compared to the baseline scenario. The 
Better Regulation toolbox of the Commission was applied for this purpose. Cost benefit 
analysis provided estimates of the costs and benefits to the society as whole but also 
for various stakeholders. As a final step, clear argumentation for rejecting some policy 
options was provided based on the results of the conducted analysis. 
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5. Tyre particles in the environment 

Tyre particles are generated either by shear forces between the tread and the road 
pavement [1] or by volatilisation, which results in the generation of very small particles 
[2]. Some particles (the smaller ones) are emitted in the atmosphere. The majority 
(coarse size and larger) deposit on the road or nearby areas. Resuspension, wind and 
rain remobilise them. The majority of the particles will settle in the soil, however some 
will end up in the waters via drainage systems (with or without treatment). This chapter 
gives a short overview of the fate of particles in the environment. 
 

5.1. Tyre particles generation 

Studies estimated that, globally, 1.8-3.0 billion tyres are produced annually since 2017; 
0.33-0.42 billion from of them are produced in Europe [3–7]. Among the newly sold tyres 
in EU [6]: 

• 90% are for passenger cars (C1 tyres—tyres that are intended mainly for the M1 
vehicle category plus O1 and O2) and light duty vehicles up to 3.5 t (C2 tyres—
tyres that are intended mainly for the N1 vehicle category).  

• 5% are for heavy-duty vehicles (either C2 tyres, tyres that are intended mainly for 
N2 vehicle category trucks plus O3 and O4, or C3 tyres, tyres that are intended 
mainly for M3 and N3 vehicle category trucks and buses plus O3 and O4). 

An average tyre for a passenger car typically lasts for 40,000 km. Some data indicate 
that for premium tyres, the average service life is around 45,000 km, for mid-range 
tyres, it is around 40,000 km, and for budget tyres, it is around 30,000 km [8]. The 
treadwear index gives an estimation of the expected service life of a tyre [9]. Different 
tyres from the same manufacturer can have a wide range of variation in their treadwear 
indices. C2 tyres are expected to last 40,000–70,000 km [10] depending on the loads 
carried and the driving style. Finally, C3 tyres may last, on average, approximately 
220,000 km before needing to be replaced or retreaded; in the second case, extending 
their service life to more than 600,000 km if the tire is retreaded two times [11].  
Throughout its service life, a tyre sheds approximately 10% of its mass [12], (0.6–1.5 kg 
for a 7–12 kg tyre), depending on parameters such as tyre characteristics, vehicle 
characteristics, road surface characteristics, and vehicle operation [13,14]. 
Measurements in Korea found an 11% mass loss for passenger cars tyres and 18% for 
heavy-duty vehicles tyres [15]. Globally, tread abrasion from road tyres results in 
approximately 6000 kt of tyre rubber being emitted annually [16], equivalent to 0.80 kg 
per capita per year globally. A study reported that approximately 440 kt of tyre particles 
were emitted in China in 2008. The same study reported a significant increase, with 
more than 1500 kt of tyre particles emitted in 2018 [17]. The estimated mass of tyre 
abrasion generated in 2014 was 1120 kt for the United States and 1327 kt for the EU 
[18]. More conservative numbers have been reported for the EU (500 kt) [19,20]. In the 
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EU, passenger cars contribute around two- thirds to of the total release of microplastics 
from road transport [21]. However, the country specific contribution can vary 
significantly. For example, in the Netherlands, Denmark, and Norway, the contribution of 
passenger cars is estimated to be 62–71% [16], in Japan, China, and Brazil, the 
contribution is reported to be 46–48%, in the United States, it is estimated to be 33%, 
and in India and South Korea, it is only 20% [15,16]. In India and South Korea, the 
heavy-duty sector (trucks and buses) contributed >50% to the road transport tyre wear. 

5.2. Properties of tyre particles  

Tyre wear particles consist of tyre tread fragments incorporating materials from the road 
surface with a commonly cited ratio of 1:1 [22], which is also used in standards (e.g., 
ISO 20593:2017). However, many experimental studies have found that tyre 
constituents are the major contributor. A study found only a 25% contribution of from the 
encrusted particles [23]. Another study found that only 6% of the particles had a ratio of 
road to tyre fractions of 1:1 or higher [24]. The road contribution (in terms of volume) 
was as low as 6%. On the other hand, a laboratory study found a 70–80% contribution 
of the asphalt to the particles [25]. This ratio can vary depending on the road, tyre 
materials, and particle size. In WP3 the contribution (percentage) of encrustations in 
tyre wear particles <100 µm in deposited dust samples at the road side was 29±12%, 
decreasing with decreasing size. 

5.2.1. Physical characterisation of tyre particles 

The size distribution of tyre wear particles spans over a wide range of sizes [26,27], with 
typical bimodal distribution [28]. Figure 5.1 presents typical images of tyre particles 
collected at various sites. More images can be found in the literature [24,28–32]. 
Typically, based on road samples, the mass distribution peaks at 10–200 μm (mostly 
50–100 μm) [28,33–38]. In the airborne sub-20 μm range, a peak in the 2–10 μm is also 
found in laboratory studies (see reviews [26,27,39]). In WP3 road side soil, deposited 
dust and runoff samples had bimodal distribution with peaks at 5-25 μm and 50-200 μm. 
In general, due to the large particles generated, the total suspended matter and the 
PM10 and PM2.5 fractions are considered low. In a few cases, a nucleation mode in the 
10–50 nm range is measured due to localised high-temperature hot spots on the tyre 
tread [31,32,40–42]. 
Regarding morphology, the shape of the large particles is elongated, cylindrical, and 
“sausage-like”. Spherical or round particles are commonly seen, especially at in the 
lower size ranges. Some researchers report that the elongated/round shape particles 
appear with variable amounts of mineral encrustation from the road material [36]. 
Irregularly sized particles have also been reported. A recent laboratory study could 
detect two separate types of tyre wear particles, denoted as firm-elastic and sub-elastic, 
where the sub-elastic type was characterised by the commonly seen cigar shape and 
embedded mineral grains, while the firm-elastic type was more irregular and knobbly 
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and with superficial mineral encrustations. In the laboratory, the sub-elastic type was 
vastly more common than the firm-elastic type [43]. The average aspect ratio of 
particles collected at from roadside or tunnel samples is around 1.65 [29,34].  
 
The densities of the different materials typically found in tyres are 5.1 g/cm3 for metallic 
particles, 2.7 g/cm3 for minerals, and 1.2 g/cm3 for rubber. Road constituents, such as 
bitumen have a density of 1.0 g/cm3, and road coarse particles have a density of around 
2.5 g/cm3 [25]. Depending on the ratio of tread and road dust particles, different 
densities can be calculated for tyre wear particles. For a highway with low little road- 
encrusted material (<10%), a tyre wear particles a density of 1.26 g/cm3 was estimated 
[24]. Tyre wear particles (sizes 63–500 μm) collected from road dust near a bus stop 
had densities in the range of 1.3–1.7 g/cm3 [44]. Highway or parking lot particles (i.e., 
tyre wear and others) had densities between 1.55 and 1.94 g/cm3 [45]. Recent studies 
found densities of 1.8–1.9 g/cm3 for tyre wear particles [29,46], but higher values have 
been reported as well [25,44]. In WP3 calculated densities of deposited tyre wear 
particles <100 µm collected at the roadside were in the range of 1.5-1.9 g/cm3, with 
decreasing densities for smaller particles. 
 

 
Figure 5.1. Typical images of tyre wear particles collected on the road, from the 

roadside with sampler, from a drum dyno, or from roadside dust. Blue squares indicate 

typical mass size distribution peaks and their relative contributions to the total mass. 

Sources from smaller to larger particles (all open access articles) are: [29,36,44,47–49]. 
The blue arrow indicates a tyre wear particle to distinguish it from the stone particles in 

the same figure. 
 

5.2.2. Chemical composition 

A typical tyre tread consists of approximately 40–60% rubber polymers, 20–45% 
reinforcing/filler agents (ratio 1:2), and 5–15% chemical additives. Two main types of 
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rubber can be found in light-duty vehicle tyres: natural rubber (NR—polyisoprene 
[C5H8]n) and synthetic rubbers, which include styrene butadiene rubber (SBR) and 
butadiene rubber (BR) [44,50]. NR is the preferred material for high-performance tyres 
used in aircraft, trucks, and buses [12]. In WP2 it was found that there is a high 
variability of NR between brands of light-duty vehicles (16–41% of total rubber). In WP3 
this variability was also seen. Moreover, the percentage of NR increased with increase 
in freight traffic, in line with the belief that truck tires mainly consist of NR. It was also 
derived that the range of NR in tyres for light-duty vehicles was 5 - 15% NR. However, 
this has been was disputed recently; a study showed that SBR and BR are also present 
in heavy-duty vehicle tyres, sometimes even at higher concentrations than in some of 
the light-duty vehicle tyres [51]. A recent study also highlighted the high variability of 
natural and synthetic rubber between brands and models [51].  
 
Overview studies [16,26,40,50,52] show that a variety of different compounds are added 
to improve the properties of tyres rubber. Sulphur (and other chemicals such as 
thiazoles, sulphenamides, selenium, tellurium, organic peroxides, nitro compounds, and 
azo compounds) are added to vulcanise the rubber and obtain a highly elastic material. 
Zinc oxide (also calcium, lead, or magnesium oxides) is added as a catalyst (an 
activator for the vulcanisation process), whereas carbon black is added as a filler and to 
make the tyre resistant. Over time, these additives have also been modified, e.g., 
carbon black has been partially replaced by silica to improve the rolling resistance of 
tyres. Furthermore, oils are added to make the tyre more flexible and control hardness. 
It should be highlighted that this is a simplistic view of tyre composition: a common-
sized all season passenger tyre may contain 30 kinds of synthetic rubber, 8 kinds of 
natural rubber, 8 kinds of carbon black, and 40 different chemical additives [53]. More 
detailed information about the ingredients, their role, and their concentrations can be 
found in [54,55]. 
Metals in high concentrations are Si, S, Zn, Ca, Al, and Fe [28,30,56–60]. Zn is 
commonly used as a marker for tyre-wear emissions in ambient PM source 
apportionment studies [26,61,62]. However, the high concentrations of these metals 
may originate from the encrusted material from other sources. A commonly formulated 
criticism to this approach is that other sources of Zn from traffic sources such as 
corrosion of crash barriers, brake wear, and engine oil may influence the quality of the 
source apportionment studies by overestimating the contribution of tyre wear emissions 
[63].  
Besides to inorganic compounds, tyre wear particles contain a large variety of organic 
chemicals. A recent study identified 214 different organic chemicals in tyres among 
which 145 were classified as leachable; thus, indicating a large potential for transport in 
the environment [64]. Examples of tyre-derived chemical compounds are 
benzothiazoles, N-(1,3-dimethylbutyl)-N’-phenyl-1,4-phenylenediamine (6-PPD), 1,3-
diphenylguanidine (DPG), and a wide variety of polycyclic aromatic hydrocarbons 
(PAHs) [65,66]. In ISO standards for the determination of tyre– road wear particles, 
dipentene is used as a marker for natural rubber, and 4-vinylcyclohexene is used for 
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SBR and BR (e.g., ISO 20593:2017, ISO 21396:2017). However, these markers have 
been disputed by others because they were too unspecific or because of interferences 
with plant material [67,68]. Potential markers for tyre wear sources are discussed in 
relevant publications [18,61]. Older studies have found PAHs, in tyre wear emissions 
including phenanthrene, pyrene, ben-zo(a)pyrene, benzo(g,h,i)perylene, and indeno-
1,2,3(c,d)pyrene, in tyre wear emissions [69,70]. In the EU, the concentrations of PAHs 
in tyre wear emissions declined since after January 2010 due to the implementation of 
EU Directive 2005/69/EC and European Regulation 1907/2006/EC (REACH), which that 
limit the sum of eight PAHs to 10 mg/kg [71]. Nevertheless, values higher than the limit 
values have also been measured [60,72].  
 

5.1. Tyre particles to the environment 

 

5.1.1. Tyre particles and microplastics 

Plastics can be found everywhere: from packaging and clothing, to construction 
materials, electronic products, medical devices, furniture, toys, and vehicles, with a 
global production of more than 390 million tonnes in 2021 [73]. A fraction of these 
plastics can be released to the environment, sometimes as small particles. Although a 
commonly agreed-upon definition for microplastics does not exist, it is widely accepted 
that these are particles smaller than 5 mm in size. Of these, primary microplastics are 
those directly released into the environment, while secondary microplastics originate 
mostly from the degradation [74] of large plastic waste into smaller plastic fragments 
once exposed to the environment. The global release of primary microplastics into the 
environment was estimated at 3.2 to 6 million tonnes in 2017 [16,75]. Microplastics are 
recognised as an emerging global threat because of their potential health impacts on 
aquatic and terrestrial organisms, including humans, via multiple exposure pathways 
such as the food chain, drinking water, and air [76–79]. Microplastics releases to the 
oceans are projected to increase further unless action is taken [80]. Tyre particles are 
considered microplastics because of their size and their high content of synthetic 
polymers [81].  
 
Several studies identify tyre particles as the main source of microplastics emissions into 
the environment, with a share ranging between 11 and 93% (35–85% excluding the 
min-–max values) (Table 5.1). Some of the variation in the fraction of tyre wear comes 
from differences in the microplastics sources taken into account in each study. In many 
of these studies, the second contributing source accounted for 10 to 29% of the total 
microplastics emissions. For example: household dust and laundry 12% [82], rubber 
granules 10% [83], artificial turfs 18% [84], synthetic fibres, 29% [85], and pre-
production plastics 12% [19]. Nevertheless, sources such as paints, pellets, packaging, 
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and agriculture are also considered important [20,86,87]. The European Commission 
completed a cost-benefit analysis on of policies for combating microplastics pollution in 
the EU. This study identified paints as similar contributor to microplastics emissions in 
the EU as tyres, with a percentage of approximately 36% [20]. 
Tyres have been found to also be the major contributor of microplastics also at a local 
level. For example, 53% at a stormwater detention reservoir in Sao Paulo, Brazil [88], or 
41% based on particles captured by spider webs in a medium-sized city in Germany 
[89], 51% at a road in a German city [34], and 38–39% at medium- and high-traffic sites 
in the United States [47]. These studies used chemical markers to apportion particles to 
the source. A study in India in an urban- traffic site found a 31% contribution of tyres to 
road dust particles up to 75 μm [90]. Comparisons of road-deposited sediments at 
curves or traffic light spots have shown much higher concentrations of tyre wear 
particles compared to, e.g., parks [91]. More tyre wear particles were found within road-
side drains where driving had required increased braking and accelerating than within 
the drains of roads with high traffic densities [92]. Another study demonstrated that a 
high traffic volume and high manoeuvring density resulted in higher brake, tyre, and 
road particles emissions compared to other types of sampling sites [93]. 
 
Table 5.1: Tyres’ contribution to microplastics (MP) pollution in various countries. 
Year Ref. Country MP (kt) Tyres / 

MP 
Tyres fraction to water 

2014 [82] Norway 8.4 54% 50% 
2015 [83] Denmark 5.5-13.9 56% 12-26% 
2016 [94,95] Netherlands * 5.4-32.9 11-96% 10-18% 
2017 [84] Sweden 10.5-13.5 60-77% 42% ** 
2018 [96] Germany 330 43% 22% 
2018 [97] Switzerland 87.8 93% *** 22% 
2018 [19] EU 787 64% 19% 
2019 [85] China 737 54% 10% 
2019 [98] Global 3000 47% n/a 
2022 [99] Sweden 9.6 85% n/a 
2022 [87] Netherlands 7.6 35% 9% 
2023 [20] EU 1250 36% n/a 
2023 [100] Global 800 62% 14% 

* ranges provide values from two studies; the high contribution from tyres in one study is 
because land-based litter fragmentation was not included. 
** value of 42% reported in [96]. 
*** also includes end-of-life tyre losses, but not paints. 
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5.2. Tyre particles at the environmental 

compartments 

The study of the fate of tyre microplastics emissions emitted into the environment has 
received increased attention over the last years. Some researchers found microplastics, 
including tyres, from the Alps to the Arctic [101]. Figure 2 plots the modelled fate of tyre 
particles based on the concept of studies [94,102–105], but with additional data from 
[16,18,97,106]. The topic has been discussed in D3.5. Small particles, such as PM10 
(<10μm), become airborne to a large extent. Most tyre particles accumulate on the road 
surface, especially on the edges of the road. Road sweeping can remove them. 
Precipitation can transport tyre particles to the nearest drainage system of that road, 
which can be treated or untreated. 
The figure does not include the fate of end-of life tyres [107], which are discarded 
(scrap) non-reusable tyres. End-of life tyres in Europe in 2019 were 3500 kt; 55% of 
these tyres were treated through material recovery, while 40% went through energy 
recovery. Less than 5% (160 kt) were stocked or unknown (e.g., illegally landfilled) 
[108,109]. 

 
Figure 5.2. Modelled source, release, and transportation of tyre particles in the 

environment based on [94,102–104]. Arrows indicate pathways of tyre particles release 

to environment. 

5.2.1. Tyres particles and ambient PM 

Only a small amount of tyre becomes airborne (2–5%) [33,110], although other studies 
assume a much higher percentage (10%) [111]. Most tyre particles will deposit on the 
road or nearby surfaces. Small particles can be transported over long distances and 
enter the surface water (including marine) [111]. Recent work has highlighted the 
atmosphere’s role in transporting microplastics to remote locations [112,113]. 
 
Overall, road transport is estimated to be responsible for 10–15% of particulate matter 
below 10 μm in diameter (PM10) [114]. This percentage can be much higher in cities and 



 

16 

 

 
D6.2 – Future policies and mitigation strategies on microplastics emissions 

near roads [115,116] or in closed environments such as tunnels [117,118]. Tyres 
contribute 5–31% to road transport PM10 (based on the overview table in [115]). Thus, 
based on the 10-15% contribution of road transport to PM10, an overall contribution of 
tyres to the total PM10 of 0.3% to 4.5% can be calculated. A review found the 
contribution of tyres contribution to the total PM10 to be below 10% in most studies 
[119]. As the majority of particles is >10 μm, in addition to the size distribution of tyre 
particles, the cut-off size of the cyclone or impactor is important for the determined ratio 
PM10 to total wear mass. The contribution of tyre particles to ambient concentrations of 
PM2.5 (particulate matter below 2.5 μm in diameter) has been estimated to vary between 
1% and 10% by mass; however, these values are mostly based on data from 20 years 
old studies and on indirect calculations from only a few observational studies [119].  
Source apportionment studies indicate a contribution from tyres to ambient PM10 of 5–
6% and a contribution of 0.1–0.4% to ambient PM2.5 at traffic sites [120]. Recently, the 
German Environment Agency (UBA) reported that in Germany, road traffic contributed 
an overall 13.8% to ambient PM10 in 2017, out of which tyres had a share of 3.1%. For 
PM2.5, the respective numbers were 18.8% and 4.6% [121]. Similar estimations have 
also been published also by the Air Quality Expert Group for the UK [122]. The 
European Environmental Agency estimated a 4% contribution to PM10 and a 2% 
contribution to PM2.5 from tyres [114]. 
In general, these estimates are in good agreement with field measurements for PM10, 
whereas for PM2.5, field measurements show contributions towards the lower end of the 
estimations. For example, measurements of airborne concentrations of tyre particles in 
urban and rural areas of France, Japan, and the United States found 0.6–22% 
contributions to PM10 [123]. Results from the same project (i.e., the Tire Industry 
Project, TIP) [124] indicated tyre particle contributions of 0.1–0.7% to ambient PM2.5 
concentrations in the same areas [125]. On-road and laboratory measurements in South 
Korea revealed that tyre particles accounted for 3–7% of PM2.5 and PM10 [126]. Similar 
percentages for PM10 (4–6%) were measured in Stockholm (Sweden) [127]. The annual 
average mass fraction of tyres in PM10 was 1.8% at an urban background site in 
Switzerland and 10.5% at an urban kerbside site [29]. Road dust samples from a 
highway in Sweden contained more than 10% of tyre particles [128]. A study with a 
single particle aerosol mass spectrometer at the roadside of a port highway in China 
found a 6.6% contribution of tyres to the total PM [129]. In WP3 the percentage of tyre 
wear to total PM, PM10 and PM2.5 was found to be in the range of 0.2-5.5%, 0.1-1.9% 
and 0.1-0.9%, with the highest percentages in the city close to a busy intersection and 
the lowest percentages at a rural background location. Ambient total PM, PM10 and 
PM2.5 concentrations were 0.05–1.4, 0.02-0.3 and 0.01-0.1 µg/m3. Others found higher 
road ambient air tyre wear concentrations of about 0.4–11 μg/m3 [130]. 

5.2.1. Tyres particles to soil 

Most of the published studies base their results on modelling and report that the major 
part of tyre wear particles ends up in the soil near the road (rain, snow removal): [110] 
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(66-76%), [103] (25-75%). Concentrations of around 10 mg of tyre wear per gram of soil 
(mg/g) near roads have been reported, but the range is very wide between 0.7 and 210 
mg/g [110,130,131]. Tyre wear enters the road side soil via atmospheric deposition and 
road surface runoff. The concentration in soil depends on the traffic intensity, the type of 
road surface/asphalt, the speed, and the presence of a runoff and drainage system. A 
significant part of tyre wear that was initially deposited on the road surface can be 
flushed into surface waters directly via road runoff (approximately 50 mg/g; range: 10–
150 mg/g) [110] after precipitation. In WP3 similar concentrations were found in road 
runoff, in the range of 8.8-100 mg/g. The concentration at the roadside and runoff also 
depends also on the number of days without rain [132]. The soil concentration of tyre 
particles decreases rapidly with the distance from the road (>80% at 30 m distance) 
[130,133]. This is in agreement with the results from WP3, where concentrations tyre 
wear 1 m from the road (1.9-13 mg/g) were much higher than concentrations further 
away from the road (10 m: 0.5-1.5 mg/g, 30-350 m: ~0.4 mg/g). 

5.2.2. Tyres particles to water 

The runoff of rural and highways roads typically enters lakes, rivers, and the marine 
environment without a previous treatment step. Urban road runoff is mostly connected 
to sewers through storm drains with some treatment. Estimations of tyre particle 
concentrations in sediments range from 0.3 to 155 mg/g d.w. [110,130]. Tyre wear 
within road surface runoff has been reported in the range of 12 to 179 mg/L ([130,131], 
but 1-2 orders of magnitude lower at river to sea water [110].The concentrations in WP3 
are consistent with these findings, with tyre wear in road runoff in the range of 1.9 to 52 
mg/L and tyre wear in river surface water in the range of 0.6 to 30 µg/L. 
 
Table 5.1 presents the estimated percentages from emitted tyres ending in the aquatic 
environment (9–50%). These percentages are in line with other studies. For example, a 
study found that 12–20% of the tyre particles in Germany are reaching surface waters 
[106]. A study in Switzerland reported 22% of tyre particles reaching surface waters 
[97]. Another study estimated that, worldwide, the tyre material ending up in the oceans 
is 28–46% [75]. A modelling study estimated that the proportion of tyre material 
transported by European rivers to seas was 42% of the total tyre abrasion [134]. A study 
estimated that 18% of the tyre particles reached the rivers, but only 2% reached the 
estuary due to deposition [103]. Reviews concluded that the relative contribution of tyre 
abrasion to the total global amount of plastics ending up in the oceans is 5–10% [16,18]. 
It should be added that around 34% of the airborne fraction (which is on the order of 
5%) can reach oceans, suggesting that the direct deposition of airborne road 
microplastics is at least an equal source for the ocean as compared to the direct wash- 
out from the land [111,131].  
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6. Influencing parameters of tyre wear 

In general, the tyres abrasion rate and the PM emissions depend on the following 
parameters [135]:  

• Tyre characteristics,  
• Vehicle characteristics,  
• Road characteristics,  
• Driving style, and  
• Environmental conditions. 

 
The factors with the highest impact other than the tyre, are: 
 

• Lateral and longitudinal accelerations and decelerations (braking) [13]: With at 
least second-order functions, per force unit, the lateral acceleration is more 
important [25]. Comparison across different studies is not easy, as this 
information is rarely provided and not with a commonly agreed index. A proposal 
is to use the standard deviation of the accelerations over a trip. This is included 
in the proposed method for future tyre regulation to measure the abrasion rate of 
tyres [136]. 

• The road surface can have an impact by a factor of at least two [137,138]. 
• The load of the vehicle: A dedicated study with tyres of the same construction but 

different sizes and loads demonstrated a linear relationship [139]. This has also 
been confirmed by other experimental (e.g., [140,141]) and theoretical (e.g., 
[142]) studies of abrasion. A linear relationship has also been demonstrated for 
PM [140]. 

• Vehicle maintenance. The tyre industry estimated that incorrect wheel alignment 
may increase tyre wear by 10% [95]. If the tyre pressure is too low, internal heat 
generation occurs, which increases the wear [143]. Higher pressure gives lower 
wear in modelling. A cost-benefit analysis from the Netherlands found that 
adjusting to optimal air pressure led to a significant decrease in tyre wear [95]. A 
study estimated that tyre wear can be reduced by 14% if all Dutch vehicles not 
fitted with a tyre pressure monitor system, or with only an indirect system, were 
to install a direct system [95]. 

• The ambient temperature: Recent experimental studies showed a decrease in 
emissions with increasing temperature [144]. However, this is not always the 
trend [145]; sometimes it depends on the tyre type (summer or winter) [146]. Also 
road simulator results in WP3 suggests otherwise, with increasing tyre mass loss 
with increasing temperatures for both summer and winter tyres. The complex 
effect of temperature was already discussed in the 1970s and was found to 
depend on how far the ambient/tyre temperature was from the glass transition 
temperature [147]. 
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7. Mitigation Measures 

In order to reduce the health and environmental risks of a pollutant, it is important to 
address its sources, release and emission pathways, and further fate and transport 
which, in the end, will determine the exposure effect [102]. The available options to 
mitigate tyre abrasion pollution can be broadly categorised as follows [39,52,95,148–
152]. 
 

• Preventing or reducing the formation of particles (source: road–tyre interaction); 
• Collecting particles upon emissions (release: vehicle and road); 
• Treating particles (transport: run-off). 
• Reducing exposure (transport: atmosphere). 

 
Another important aspect is the management of waste tyres [153–155]. On one hand, 
recycling waste vehicle tyres into crumb rubber has many applications (e.g., turf fields, 
playgrounds, or road asphalt pavement) [155]. On the other hand, there are concerns 
about the environmental and human health effects from some of the substances in 
waste tyres [156,157].  
 

7.1. Preventing or reducing the formation of particles 

A reduction in the formation of tyre abrasion particles can be achieved either with 
technological or management measures. In all cases, directly or indirectly, these 
measures aim to reduce one or more of the factors discussed in Chapter 6. 

7.1.1. Tyre characteristics 

An obvious measure is the development of materials with greater abrasion resistance 
and which are sustainable, more environmentally friendly, and less toxic [158–160] 
without compromising comfort and safety [161]. Improved tyres means using materials 
resulting in reduced abrasion, or the elimination of vent spews or even setup to reduce 
influencing factors (e.g. more efficient cooling) [39]. In EU a limit on tyre abrasion will be 
introduced from 2028 for C1 tyres and later for C2 and C3 tyres. Introduction of tyre 
wear labelling and encouraging car users to prefer low emitting tyres could also have a 
positive impact. However, most buyers value higher rolling resistance and (fuel saving) 
and tyre price, rather than the environmental impact. The introduction of low emitting 
tyres was examined in D6.1. 
 
The tyre chemical composition is not covered in the Euro 7 regulation. Some studies 
indicate that some chemicals may be more harmful than others and thus should be 
limited. In EU chemicals are covered by REACH. Limits for PAHs already exist 
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(Directive 2005/69/EC): maximum 1 mg/kg BaP or 10 mg/kg of the sum of specific eight 
PAHs.  
 
Winter and studded tyres have higher emissions than summer tyres. Banning winter 
tyres in summer, or limiting the use of studded tyres could have a positive impact. Non-
studded winter tires are generally allowed all year round, while studded tires are only 
permitted in a specific period in the winter season and when required by weather or 
road surface conditions. This specific period varies somewhat between countries, but 
lasts typically from November to March/April. Taxation on studded tire usage or ban at 
some roads, are options that can discourage consumers from using studded tires 
(And18). Educating the drivers is of high importance. 

7.1.2. Road characteristics 

Road surface and design improvement can result in lower abrasion. However, a road 
surface can be optimised for tyre abrasion, but it could have a negative impact on road 
wear or even safety issues (i.e., less grip). 
Reducing locations that result in high wear due to longitudinal or lateral accelerations, 
minimum radius of curvature or the use of roundabouts instead of traffic lights, thus 
reducing cornering and braking/accelerating can also result in reduced tyre wear. 
Improved road maintenance might also decrease areas with worn roads that could 
further increase road and tyre wear.  

7.1.3. Vehicle load 

The impact of load on tyre abrasion is well known (see Chapter 6), but the 
implementation is not straightforward since market trends currently favour heavier 
vehicles such as sport utility vehicles (SUVs) and electric vehicles. Any reduction of the 
load would have a positive impact to other non-exhaust emissions as well. 

7.1.4. Speed limits 

Speed limits are considered more suitable for roads with high speed and traffic volume 
in a dry climate with buildings close to the road [151]. The impact on PM is probably 
modest (from none up to 30% in a few cases, see studies in [152]). 
 

7.1.5. Eco driving (Acceleration limits) 

Longitudinal and lateral accelerations are a major factor of tyre abrasion. Smooth 
driving, either with better traffic control (e.g. with support of Driver Assistance Systems) 
or with acceleration indicators (or even limiters) to the driver (without compromising 
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safety) may help. Smooth driving could also help reducing in general emissions from 
road transport. 

7.1.6. Vehicle maintenance 

Vehicle maintenance includes tyre pressure monitoring system for older cars, and wheel 
alignment. In the EU, tyre pressure monitoring systems (TPMS) are mandatory for new 
passenger cars registered from November 2014, according to the EU Directive 
2010/48/EU. However, not all countries have implemented the Directive (e.g. Sweden). 
Future tyres might be integrated with sensors not only for safety but also for wear [162]. 
Controlling wheel alignment is part of mandatory periodic vehicle inspections in 
accordance with the EU Directive 2014/45/EU. The periodic safety inspection of 
passenger cars and vans could include control for uneven tyre abrasion [149]. 
Experts from the tyre industry estimate an impact of 10% on the abrasion from poor 
alignment [149]. A study with a misaligned vehicle found 3 mm tread depth reduction, 
while normally aligned vehicles have a 1 mm reduction every 10,000 km [163]. 

7.1.7. Reduced total km driven 

Reduction of annual mileage could be achieved by using public transport, taxation to 
driven distance, road pricing. Although a reduction in vehicle-km travelled will reduce 
emissions, road transport activity is expected to increase [164]. 

7.2. Collecting particles upon emissions 

This category includes solutions such as  
• Tyre particle collectors [165] 
• Constructing road surfaces as a trap for particles [166–170].  

 
These measures reduce resuspension and particles reaching sewers and road runoff 
[63]. 

7.2.1. Particle collectors  

Filters behind the wheel arch [165] or underbody of a vehicle [171] have been 
presented. Using a sucking device in combination with the particle filter can increase the 
filtration efficiency even if the vehicle is not moving. Recently an enclosed wheel was 
presented [172]. Another approach is using electrostatic attraction (The Tyre Collective). 
The collection devices are still at early development levels with lack of experimental 
data, in particular for long term efficiency and robustness (e.g. to whether conditions, 
mad, rain etc.).  
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A completely different approach is installing filters at the front-end of the vehicle, used to 
cool the engine compartment. Ambient air particles (tyre particles are typically 10-30%) 
can be filtered with efficiencies >50% [173].  

7.2.2. Porous roads 

The research on roads focuses mainly on materials [155,174,175] to increase the life 
span [176], reduce aqua planning and noise [177–179], and decrease the costs [180]. 
As non-exhaust emissions become more and more important, recent studies 
investigated the impact of road surface tyre and road wear [176]. 
Permeable pavements are all surfaces designed to allow water to pass through, and 
include pervious and porous pavements. However, not all permeable products have 
pores and therefore, cannot be called porous. 
 
In general, retention efficiencies 60%-90% have been reported in the literature, but in 
the long term, lower efficiencies have been modelled, depending on the rain falls 
(<50%) [168]. A laboratory study found removal efficiencies at porous asphalt for coarse 
sediments (>62.5 μm), Pb, and Zn >98%, for total suspended solids at drains 93%, but 
for fine sediments (<62.5 μm) around 58% [167]. Another laboratory study with 
permeable asphalt found that > 85% of the particulate material (sizes 75 to 2000 μm) 
remained on the porous surface [166]. Another laboratory study with porous asphalt 
found >90% retention of oil and contaminants (<0.5 mm) [181].  
In WP3 it was confirmed that asphalt surface has an influence on emission rate (and 
particle size distribution of tyre wear particles): stone mastic asphalt had more fine tyre 
particle, while open-graded (porous) asphalt more coarse tyre particles. Both asphalts 
had approximately three times lower road side soil concentrations than regular dense-
graded asphalt. For the open-graded asphalt also the concentration of tyre wear in road 
runoff was considerable lower.  
Regarding ambient air PM10, reductions on the order of 50% were measured with a 
Double Layered Porous Asphalt compared to non-porous stone mastic asphalt 
[169,179]. However, such reductions have not been confirmed by other studies with 
porous asphalt [182]. 
It should be mentioned that porous asphalt might increase PM10 levels of tyre wear 
particles because the road surface has a coarser structure. Air monitoring studies along 
highways with open-graded asphalt are contradictory. However due to its trapping 
capabilities the net impact to the environment will be positive [95].  
 
Porous surfaces have also a positive effect on noise pollution and on road safety (lower 
risk of aquaplaning). Porous roads, due to the higher percentage of hollow spaces, are 
less suitable for use in curves, exits, and crossings as it would tend to break down more 
quickly in such situations [95]. Porous asphalt is less suitable for Nordic and alpine 
areas because frost damages the road surface [94,183].  
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In the NL, approximately 95% of the highways are surfaced with porous asphalt (ZOAB) 
and 5% with non-porous asphalt (DAB). Replacing asphalt take time: In the NL it took 
35 year to replace 95% of the roads [94]. DAB is assumed to have a usable lifetime of 
40-50 years. Therefore, 2% of the roads should be replaced per year [95]. It is also 
recommended to clean the road at least twice per year to maintain its draining, noise 
and particles reduction efficiencies [94]. This was probably the reason why in WP3 the 
reduction of the road side soil concentration next to the open-graded asphalt road A2 
was less then the typical reduction factor of 20. 

7.3. Treating Particles 

This category includes measures such as: 
• Street cleaning (e.g., sweeping or washing with water or chemical dust 

suppressants at increased frequency) [184], Street cleaning also has the 
potential to reduce resuspension and consequently ambient PM levels [185]. 

• Treating road runoff (e.g., adding and improving retention basins or wastewater 
treatment plants) [186]. Sweeping the material collected in, e.g., gutters or 
streets, will reduce the concentration arriving in the soil and aquatic environment. 

• Accelerating microbiological degradation (adding micro-organisms to drainage 
gutters, retention basins and/or road side soil). Environmental degradation of tyre 
wear particles in road side soil was already in 1980 [187], with degradation rates 
of 0.09 – 0.15 d-1 (half-life around 16 months). Recently accelerated 
biodegradation in a laboratory setup with activated sludge inoculum was 
demonstrated [188]. In WP3 both ultraviolet (UV) degradation rates and 
biodegradation rates were determined with accelerated laboratory tests. Derived 
environmental degradation rates were in the order of 0.035 d-1 for both UV and 
biodegradation. Adding special funghi or activated sludge to road side soil, 
drainage gutters a/o retention basins has the potential to increase biodegradation 
rates and reduce road side concentrations in soil and runoff. 

 

7.3.1. Street cleaning 

Street cleaning includes sweeping, washing, sediment removal and dust suppressants 
[39]. The most common types of sweeping vehicles are mechanical broom sweepers, 
regenerative-air sweepers and vacuum sweepers [189]. Mechanical sweepers are more 
effective in removing coarser particles (>100 to 125 μm), whereas vacuum- and 
regenerative air sweepers perform better at removing finer sediments [184]. 
The studies can be divided into those investigating street cleaning to reduce the 
concentrations of PM10 and PM2.5 in air, those focusing on stormwater quality, and those 
that describe the efficiency of individual street sweeping machines for removal of 
particles from the road surface. 
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Reviews [184,189] concluded that sweeping in general did not affect ambient air PM or 
any reductions or increases were short lived. Sweeping combined with washing was 
found to reduce ambient PM 15% up to three days, but only at roads that transport 
contribution to ambient PM was significant [190]. Others have also found positive impact 
of combined sweeping with washing [185].  
The removal of large particles was typically 20-50% for mechanical broom systems, but 
>50% for vacuum sweepers, and regenerative-air systems in between [191,192]. With 
water flushing the removal efficiencies are typically >50% for all sizes [184]. However, if 
cleaning is not performed often, the final reduction of run-off concentration will be low 
(<10%). Nevertheless, a study found up to 84% less dissolved phosphorous and 
nitrogen in stormwater with street cleaning and leaf collection [193]. A study found that 
compared to cleaning all roads once per week, the 3-fold cleaning of either only the 
main roads or only the intersections reduced the tire abrasion input into the sewer by 42 
and 36%, respectively [91].  
 
The efficiency of cleaning depends on many parameters (e.g., road configuration, the 
machine used, and amounts of deposited dust). In addition, frequency and weather 
(rain) impact the final result. A study estimated that cleaning could reach a maximum 
value of 8% under ideal conditions. For urban roads, with often cleaning an expected 
value is close to 4-5%, while for highways with infrequent cleaning the efficiency is <1%. 
Thus, it could be performed in streets with a high dust load (e.g., near construction 
sites, high traffic roads that are not connected to the sewer, tunnels). It should be also 
noted that particle collection or trapping does not necessarily solve the primary problem 
of material release into the environment: bad practices (e.g., methods of disposal which 
are not environmentally friendly) will decrease the benefits. Finally, street cleaning 
management needs to be flexible for specific local conditions such as weather, and 
season variability, which impacts the tyre particles remaining on and near the road. 
 
A topic recently discussed is the adverse impact of the wear of plastic brushes [194]. By 
weighing mass loss of used brushes and combine with yearly consumption of brushes 
in a medium sized municipality and interpolating the results to the Swedish municipal 
street network, a rough estimate of about 20 tonnes of plastic brush material worn per 
year, was calculated. In WP2, test track field experiments with a closed wheel approach 
indicated significant emissions due to the presence of brushes at the wheel housing 
edge. 
 
Dust binding (suppressants) efficiently reduces the amount of dust being whirled up but 
does not remove the dust from the system. Instead, it is transported into the stormwater. 

7.3.2. Treating runoff 

A recent study differentiated the following treatment categories: (1) decentralized road 
runoff treatment, (2) semi-centralized road runoff treatment, and (3) centralized road 
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runoff treatment (WWTP) [150,195]. The first two categories are considered separate 
systems, while the last one combined systems. 

(1) Decentralized road runoff treatment,  

This treatment is typically for rural areas. It includes: 
• 1a: Roadside gully pots, which have retention efficiency for solid particles 20-

50% (at the low range for smaller particles and high flow rates) [152]. 
• 1b: Subsurface treatment units, such as vortex separators (up to 50% removal of 

TSS), or more advanced such as wet basins and lamella basins, infiltration 
chambers, ballasted flocculation, cartridge filters and media filters (such as sand, 
olivine, aluminum silicate, calcite, zeolite, and filtralite) (typically 80% of total 
suspended solids - TSS). Assessments of filters showed that some filter 
techniques were able to separate 61–98% of microplastic particles in stormwater 
in sizes from 14 to 125 μm. The separation efficiencies for tyre particles larger 
than 125 μm were 78–98%. 

(2) semi-centralized road runoff treatment. 

These systems are used for the treatment of highly-polluted road runoff, which is 
drained and collected along frequently-used rural roads, urban streets, and/or highways. 

• 2a: Retention basins or wet ponds (removal around 75-80%). High separation 
efficiencies of 90–100% for microplastic particles >20 μm have also been 
demonstrated [151]. 

• 2b: Detention basin, infiltration ponds or dry ponds (removal around 85-90%). 
• 2c: Constructed wetland (removal around 55%, but much higher 85% have also 

been reported [19,151,196]. 
• 2d: Biofilters (bio-retention cells) (30-90%, closer to 80% [168]). 
• 2e: Roadside swales (70-80%) [152,168]. 

 

 (3) Centralized measures (wastewater treatment plants) 

• 3a: Wastewater treatment plants (WWTP) (80-95%, even higher for sizes >300 
μm) [151,197,198]: for smaller particles 20-300 μm the removal efficiency varied 
between 70 and 90%, above 99% for particles in sizes between 10 and 500 μm. 
In the event of exceptional rainfall, stormwater may be diverted from the WWTP 
because of capacity problems. This quantity is typically <5%, but can be up to 
20%. 

• 3b: Treatment of sewage sludge (50%). Around 50% of all sewage sludge from 
WWTP is recycled and used as agricultural fertilizers in Europe and North 
America [199]. 
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At primary treatment, sewage is pumped into settlement tanks where heavy solids are 
removed (efficiencies 17-78%). Secondary treatment includes biological processes to 
remove dissolved and suspended compounds (efficiencies 29-98%). Tertiary treatment 
removes chemicals before effluent is discharged to the water. WWTPs with tertiary 
treatment can achieve efficiencies >99% (efficiencies 72-99.7%). Around 55% of the 
population is connected to tertiary treatment and 77% are connected to secondary or 
higher treatments [19]. 
 
Indicative efficiencies of treatment systems are given in Table 7.1 in function of particle 
size [151]: 
 
Table 7.1: Retention efficiencies of various runoff treatment facilities. Adapted from 

[151]: M=medium, H=High. 
Facility <0.45 μm 0.45-10 μm 10-125 μm 125-5,000 μm >5 mm 

Sediment trap    L M 
Underground 
retention basin 

  M H M 

Stormwater pond   M M  
Swale   H H  
Infiltration facility M M M   
Biocell M H M   
Membrane filter M M    

 
 
Countries have their own rules for assessing the construction of treatment facilities. 
Most countries normally rely on a fixed benchmark for traffic density. However, traffic 
density can predict only around 30% of the variation between different sites. Other 
parameters play also an important role, e.g. road design, rain characteristics (frequency, 
volume, duration), use of de-icing salts [200]. In Germany the treatment decision is 
based on whether the area is an ecosystem, the expected annual load of suspended 
solids smaller than 63 μm (AFS63), and the annual average daily traffic intensity [151]. 
In UK, HAWRAT is used: an evidence-based risk assessment tool that takes into 
account biological and ecological considerations in combination with hydraulics and 
traffic characteristics. Other countries use their own tools, but application to other areas 
and countries does not necessarily predict the pollution [201].  
 
Some measures that can improve the overall efficiency of current systems:  

• Primary sludge could be incinerated or landfilled, while quality secondary sludge 
could still be used as fertiliser. 

• Application of filters for road run-off water at verified hot spots. Greater use and 
better maintenance of existing filtering techniques, such as disc sieve filter 
system, drum cloth filtering system, retention soil filter, etc. is recommended.  
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• Retention basins are artificial lakes used to manage stormwater runoff. Retention 
ponds have good capacity to remove urban particulate pollution and improve the 
quality of surface runoff thanks to sedimentation. Sediments need to be removed 
on a regular basis and disposed in an appropriate way. 

• Water storage underground: In a combined sewer system, stormwater runoff is 
combined in a single pipe with wastewater from homes, businesses, and 
industry. In case of exceptionally intense rainfalls, this untreated wastewater can 
exceed the capacity of the collection system and overflow in the environment, the 
so called combined sewage overflow (CSO). This percentage is typically 
estimated to be 5% [19]. To prevent CSO, and therefore the transportation of 
TRWP to surface waters, water storage underground and compact urban 
drainage systems could be an option.  

 

Costs 

Advanced separate treatment systems cost 100,000-150,000 EUR and the annual 
operating costs are 5,000 EUR. Changing filters (every 30 years) costs 20,000-40,000 
EUR [95]. 
A wet ponds costs 18-30 EUR/m2 with maintenance costs 0.7-1.8 EUR/m2 or 5% per 
year [202]. For Norway costs were estimated approximately 430-850,000 EUR. An 
infiltration basin costs 12-18 EUR/m2 with maintenance costs 0.1-0.4 EUR/m2. For 
Norway costs were estimated approximately 650-1,300,000 EUR (sedimentation step 
plus infiltration). 
A centralised treatment plant is on the order of 5 million EUR [151]. For EU, upgrading 
all WWTP facilities with at least tertiary systems would cost on average 1.5 billion EUR 
per year. This value was calculated assuming a 0.08-0.20 EUR/m3 of wastewater 
treated per year and considering that there are between 10 and 16 billion m3 of 
wastewater that would benefit from the upgrade [19].  
Water storage underground and compact urban drainage systems have cost around 
€0.06/m3 [19]. 
 

7.4. Reducing Exposure 

This category includes measures such as planting vegetation [168]. For example, 
increasing the distance between cycle lanes and traffic can reduce cyclists’ exposure 
[203], or vegetation barriers can reduce roadside concentrations [204].  
Sustainable drainage systems for managing road runoff start to become popular as they 
offer many benefits such as flood prevention, pollution prevention, increase 
attractiveness of the place [202].  
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7.5. Summary of mitigation measures 

Table 7.2 summarises mitigation measures, along with expected time frame and 
interactions with other regulations. The columns give: 

• Reduction potential / effectiveness,  
• Cost (effectiveness),  
• Implementation time,  
• Interactions with other policy instruments,  
• Comments regarding positive and negative side effects (an increase or decrease 

in other environmental impacts, road safety, or costs), feasibility (technical or 
legal barriers), and any other significant factors that may influence the 
assessment, and thereby the decision. 

 
Note: The table refers only to tyre particles. The advantages for other particles or 
microplastics is not included. 
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Table 7.2: Measures, reduction potential, costs and interactions.  
Measure Reduction * Cost Time Interactions Comment 

Tyre 10-30% Tyre MF <5 years Euro 7  
Road 
maintenance 

unknown MS continuous   

Vehicle load proportional Vehicle MF continuous CO2 Market 
trends 
opposite 

Smooth 
driving 

Not well 
quantified 

none Will impact 
only traffic 
cases 

 Positive to 
environ. 

Vehicle 
maintenance 

10% or 
more 

Included in 
PTI 

Every 1-2 
years 

PTI 
directives 

Unknown 
percentage 
of 
misaligned 
cars 

Reduced km 
(public 
transport) 

proportional Low 
(assuming 
no increase 
of public 
transport 
means) 

  Activity is 
expected to 
increase 

Particle 
collectors 

Expected 
30% 

Vehicle MF More than 
5 years, 
new cars 

Not included 
in Euro 7 

robustness 

Porous roads  85% MS 2% of 
roads per 
year 

Road 
regulations 

Cleaning 
needed 

Street 
cleaning 

Up to 8% MS Immediate  Weather 
impact 

Runoff 
treatment 
(separate) 

See 7.3.2 
(and Table 

7.1):  
50% 

200 kEUR 
(simple)  

2 years Zero 
pollution. 
WFD. 
Countries 
have rules 

maintenance 

Runoff 
treatment 
(combined) 

See 7.3.2: 
80% 

5 million 
(centralised) 

5 years Zero 
pollution. 
WFD. 
Countries 
have rules 

overflow 

* Reduction refers to microplastics  
MF=manufacturer, MS=Member State  



 

30 

 

 
D6.2 – Future policies and mitigation strategies on microplastics emissions 

8. Health and environmental impact 

There are studies that have examined the impact of tyre particles on health and 
environment. However, based on a few review studies, there are no clear conclusions 
and more research is needed. Nevertheless, some key messages from the literature 
are: 

• From the hundreds of chemicals present in tyres, Zn can be toxic to living 
organisms [205,206], butadiene is considered carcinogenic to humans [207], 
benzothiazoles and derivatives are carcinogens and genotoxicants [208], and 
PAHs are toxic [209] and carcinogenic [210]. Recently, a transformation product 
of 6-PPD was linked to the acute mortality of coho salmon [211], and the same 
chemical was shown to shorten the lifespan and health span of Caenorhabditis 
elegans an in- vitro study [212,213]. 

• Some tyre substances become more toxic when exposed to UV radiation. In 
WP2 and WP3 it was shown that UV aging results in degradation and 
fragmentation of rubber and oxidation of chemical additives. An example of such 
an oxidation product is 6-PPD quinone [211]. In general, oxygenated species are 
more toxic; this was also shown in WP2 by a higher oxidative potential in UV 
aged particulate matter. Because oxygenated species are more soluble in water, 
these transformed substances will also leach more easily. 

• Studies that spiked tyre particles into sediments showed fewer adverse effects 
than those using tyre particles in water [7,151]. 

 
There are no studies estimating the cost of tyre (or even microplastics) particles to the 
society. For this reason, we focused on plastics and PM costs (Figure 8.1). The values 
were converted to EUR in year 2025. 
 

 
Figure 8.1: Cost of PM, microplastics and plastics. 
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The cost of PM is given in the Handbook of costs [214]. The costs for plastics are based 
on a few studies in the literature. One of them [215] focused only on the costs to the 
marine ecosystem (range 4.2 to 41.7 Euros per kg of plastics). The other two [216,217] 
estimated the cost of plastics to be 8.7 to 13.7 EUR/kg, with estimations for the aquatic 
environment as well. The mean cost of plastics to the marine ecosystems from these 
studies is 13.8 EUR/kg. It should be emphasized that the studies took into account 
pollution from production of plastics, waste management, but not impacts on health, 
terrestrial ecosystems or aquatic organisms. Thus, it could be that the actual cost to the 
society is higher. 
One study [216] reported that around 1.5 trillion USD per year are lost due to plastics’ 
impact to the oceans, and another 730 billion USD due to GHG, release of toxics to the 
soil. Thus, the ratio of plastics costs to the oceans and to the soil is 2:1, or that the 
marine costs are 67% of the total plastics costs (i.e. 5.8 EUR/kg from the total 8.7 
EUR/kg). Another study [217] estimated 3100 billion USD costs of plastic pollution on 
marine systems, but only 200 billion USD due to GHG release (no cost to terrestrial 
ecosystems was calculated). In that study, the marine costs were 84% of the total costs 
(including also the costs of the raw plastics) (6.0-11.5 EUR/kg), thus we can derive a 
ratio of 84%/16% or 5.2:1 (oceans to soil cost). Another study estimated 1.8 to 3.7 
USD/kg for ocean clean up, but only 0.2 USD/kg from exposure to hazardous chemicals 
from dumpsite or 0.5 USD/kg from burning (but 16.5 USD/kg from dioxins) [218]. 
Depending on which cost is assumed for soil microplastics, different rations can be 
derived. Based on the estimated ratios of damage to water and to soil, we can assume 
a 3.6 times lower cost of soil pollution from microplastics (the average of the two first 
studies above). This results in a 3.8 EUR/kg cost of tyres deposited to the soil. 
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9. Model and cost-benefit evaluation 

9.1. Overview 

The model that was developed was based on the previous chapters and the published 
models [19,97,103,106,219] but with many simplifications. The schematic is presented 
in Figure 9.1. The input is the amount of wear (typically in mass per year) (from D6.1), 
the share to the different environmental compartments and the retaining efficiencies at 
these compartments or other mitigation solutions. The details of each parameter and 
typical values are given in Table 9.1. In general, there is lack of evidence of actual 
removal efficiencies of tyre particles by existing treatment facilities. For this reason, the 
numbers are indicative in order to estimate cost-efficient solutions. 
 
Although the model is very simplistic, some pathways remained: It is assumed that 
some tyre particles will reach directly surface waters (direct emissions or via the soil). 
WWTP sludge that is used for agriculture will result in tyre particles in the soil. The 
model also assumes some mass loss due to degradation. This value is considered the 
same in the soil and in the aquatic environment. Although this assumption needs to be 
confirmed in the future, a study showed similar values for plastics [220]. 
 
On the other hand, there are many pathways not considered in this simplified model. 
For example, the water treatment is divided only in two categories: treated or not 
treated. Particles at roofs and house walls are not considered (it is assumed that they 
will reach soil or runoff after rain events). There is no distinction between tyre particles 
reaching the soil next to the road or further away. The model estimates tyre particles in 
the environmental compartments and their fate from there by adding processes such as 
biodegradation and transfer to waters, but the approach is too simplistic and does not 
fully capture the procedures taking place (see D3.5). 
 
Furthermore, the model does not take into account end-of-life tyres. The wear input of 
the model represents typically 10-30% of the tyres tread. The rest 70-90% is recycled, 
goes for energy recovery, retreaded, or incinerated. However, around 5% of this amount 
is landfilled (illegally). Thus, the cost to the environment could be multiplied by this 
factor to have an estimate of this impact. 
 
After calculation of the tyre mass at the various compartments, the masses of the tyre 
particles at the different compartments are multiplied with their cost to the environment 
(values in Chapter 8). In this simplified model only two compartments are considered: 
soil and aquatic (see Chapter 8). Note that the cost of particles in ‘water’ although they 
might be deposited, it was assumed to be the cost of the marine compartment, and not 
the soil. This assumption will have to be re-examined in the future. 
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The cost of mitigation measures is estimated from the literature. The cost of the 
mitigation measure an the saved costs by reduced tyre particles in the environmental 
compartments are compared for a period of 25-35 years. The analysis does not take 
into account the future money value (i.e. inflation and discount rates are considered 
equal). Based on D6.1 the impact would be that 1 EUR in 2025 would worth 40% less in 
2050. As all investments are assumed to take place in the first 5-10 years, the impact 
should be small and resulting in overestimation of the cost of the infrastructure 
investments (<20%). Furthermore, the analysis takes into account only the tyre particles 
at the different compartments. Most facilities treating particles would treat also other 
particles (e.g. fibres from textiles, brake particles, road wear particles etc.). Thus, the 
benefits are by treating particles are underestimated.  
 
It should be recalled that the tyre wear was taken from D6.1: 985 kt in 2025 and 1270 kt 
in 2050 (and constant afterwards). This increase is due to 0.7% fleet increase per year 
and increase of the electrified (heavier) vehicles. We also assumed that highway and 
rural emission factors are 25% lower from the average, while urban emission factors 
50% higher [221]. 
 

 
Figure 9.1: Schematic representation of the simplified model in Excel. 
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Table 9.1: Explanation of parameters of the simplified model. 
Cell Name Units Comments 
B8 Tyre wear mass Depends on the scenario. Input from D6.1. We 

assumed 34% urban, 33% rural and 33% 
highway. The EFs of urban were considered 
higher by a factor of 1.5 and of highway and 
rural by a factor 0.75 compared to average. 

C7 Wheel dust collector 
efficiency 

% Considering also the distance from the wheel 
30% seems a realistic value. The impact is 
expected at PM mainly. This case was not 
examined in this D6.2. 

C9 To environment % Calculated (1-C7) 
F2 To air % Values around 5%. However it was set to 0% 

as the interest of this D6.2 is microplastics and 
not PM. 

F8 To road % Values around 35% (urban) to 85% (highway) 
F23 To runoff % Calculated (1-F2-F8) 
H5 Porous roads % Low coverage in most countries except NL. 

Assumed 5% at EU highways. 
H13 Non porous roads % Calculated (1-H5) 
J4 Efficiency porous % Typically 80-95% 
J12 Efficiency non porous % Typical values closer to 5% with often cleaning. 

High impact of rain. 
N6 
& 
N14 

Degradation % Decreases mass of tyres in soils. Assumed to 
be 35% but could be higher with microbiological 
degradation. 

N8 
& 
N16 

To water % Direct emissions to surface waters (lakes, 
rivers) or via the soil. Values lower than 10%. 

N10 
& 
N18 

To soil % Calculated (1-N6-N8) or (1-N16-N18).  

H21 Efficiency treatment % See 7.3.2: Depends on country and urban or 
not. For urban areas it should be >75%. Should 
also exclude CSO which is 5-20%. 

H26 Not treated % Calculated (1-H21) 
J20 Sludge to soil % Typical values around 30-70%. 
J25 Waters to sea % Tyre particles reaching sea waters and 

remaining in the water. A 10-15% of the surface 
waters particles was assumed to reach the sea. 
The rest most likely will deposit or degradate. 
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Examples of application of various mitigation measures are discussed in the following 
paragraphs. To put the results into perspective, it should be reminded that a 10% 
reduction of the tyres abrasion rate resulted in approximately 34 kt less PM2.5 with 3400 
million EUR savings and 82 kt less PM10 with 1700 million EUR savings over the 2025-
2050 period. It also resulted in 2150 kt less tyre wear with 10,850 million EUR savings. 
The net savings were 7,400-14,000 million EUR, depending on the cost assumptions. 
It should also be highlighted again that the following solutions do not address only tyre 
particles but other particles as well (road wear, exhaust tailpipe wear, brake wear, dust 
suppressants etc. at soil and stormwater, fibres from textiles or microbeads from 
personal care or cleaning products in waste water), thus the net benefit will be much 
higher than the calculated one as only tyre particle mass at the different compartments 
was considered. 
 
Figure 9.2 (urban), Figure 9.3 (rural), Figure 9.4 (highway) summarise the values that 
were considered as baseline for the various scenarios. As an example, the expected 
tyre wear in year 2036 is plotted, assuming no reduction of current emissions (i.e. 
baseline of D6.1). Due to Euro 7 future tyre abrasion limits, some reduction is expected. 
However, at the moment this reduction is unknown. 

 
Figure 9.2: Flow chart for urban roads (baseline example year 2036). 
 

Urban to air

0% 0.0 air

porous 85% 0.0 removed

0% 0.0

tyre filter 15% 0.0 35% 0.0 degradation

wear 0% 0 to road

561.0 10% 56.1 5% 0.0 water

100% 561.0

to environment 60% 0.0 soil

Tyre wear non-porous 1% 0.6 removed

air 0.0 0% 0% 100% 56.1

soil 148.8 27% 63% 99% 55.5 35% 19.4 degradation

water 69.0 12% 29%

sea 18.0 3% 8% 5% 2.8 water

degrad. 55.1 10%

removed 270.1 48% 60% 33.3 soil

sum 561.0 100%

treated 30% 115.5 soil (from sludge)

76% 385.0

to runoff 70% 269.5 removed

90% 504.9

non-treated 15% 18.0 sea

24% 119.9

85% 35% 35.7 degradation

65% 66.3 water
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Figure 9.3: Flow chart for rural roads (baseline example year 2036). 
 

Rural to air

0% 0.0 air

porous 85% 0.0 removed

0% 0.0

tyre filter 15% 0.0 35% 0.0 degradation

wear 0% 0 to road

272.3 80% 217.8 20% 0.0 water

100% 272.3

to environment 45% 0.0 soil

Tyre wear non-porous 0% 0.0 removed

air 0.0 0% 0% 100% 217.8

soil 98.0 36% 58% 100% 217.8 35% 76.2 degradation

water 64.6 24% 38%

sea 5.7 2% 3% 20% 43.6 water

degrad. 87.6 32%

removed 16.3 6% 45% 98.0 soil

sum 272.3 100%

treated 0% 0.0 soil (from sludge)

30% 16.3

to runoff 100% 16.3 removed

20% 54.5

non-treated 15% 5.7 sea

70% 38.1

85% 35% 11.3 degradation

65% 21.1 water
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Figure 9.4: Flow chart for highway roads (baseline example year 2036). 
 
The weighted cost of microplastics in the above cases is 7.5 EUR/kg (urban), 9.4 
EUR/kg (rural), 8.0 EUR/kg (highway) and 8.1 EUR/kg (whole EU); in all cases above 
7.2 EUR/kg assumed in D6.1. 

9.2. EU highways: porous roads 

For this case we assumed that non-porous highway roads (from 5%) were converted to 
porous roads (95% of the highway roads) (Figure 9.5). The trapping efficiency of the 
porous roads was assumed to be 85%. The percentage to runoff was assumed to be 
50%. 
 
 

Highways to air

0% 0.0 air

porous 85% 5.8 removed

5% 6.8

tyre filter 15% 1.0 35% 0.4 degradation

wear 0% 0 to road

272.3 50% 136.1 20% 0.2 water

100% 272.3

to environment 45% 0.5 soil

Tyre wear non-porous 1% 1.3 removed

air 0.0 0% 0% 95% 129.3

soil 58.1 21% 44% 99% 128.0 35% 44.8 degradation

water 63.4 23% 48%

sea 10.2 4% 8% 20% 25.6 water

degrad. 65.4 24%

removed 75.1 28% 45% 57.6 soil

sum 272.3 100%

treated 0% 0.0 soil (from sludge)

50% 68.1

to runoff 100% 68.1 removed

50% 136.1

non-treated 15% 10.2 sea

50% 68.1

85% 35% 20.2 degradation

65% 37.6 water
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Figure 9.5: Highways with 95% porous roads (example year 2036). 
 
The analysis shows that approximately 100 kt of tyre wear could be trapped and 
cleaned at the porous roads (in year 2036), but due to the lower mass at the soil, less 
would result degradation, with a net benefit of 67 kt (Table 9.2). This translates to 
approximately 460 million EUR savings annually after full implementation of the porous 
roads. Assuming 3% replacement of roads, which is a reasonable value for typical life 
span of roads of 30 years, it would take 30 years to reach 95% porous roads from 5%.  
 
Table 9.2: Cost and benefits of applying porous roads at the highways (example year 

2036). 

 
 

Highways to air

0% 0.0 air

porous 85% 109.9 removed

95% 129.3

tyre filter 15% 19.4 35% 6.8 degradation

wear 0% 0 to road

272.3 50% 136.1 20% 3.9 water

100% 272.3

to environment 45% 8.7 soil

Tyre wear non-porous 1% 0.1 removed

air 0.0 0% 0% 5% 6.8

soil 11.8 4% 18% 99% 6.7 35% 2.4 degradation

water 42.8 16% 66%

sea 10.2 4% 16% 20% 1.3 water

degrad. 29.4 11%

removed 178.1 65% 45% 3.0 soil

sum 272.3 100%

treated 0% 0.0 soil (from sludge)

50% 68.1

to runoff 100% 68.1 removed

50% 136.1

non-treated 15% 10.2 sea

50% 68.1

85% 35% 20.2 degradation

65% 37.6 water

Highway porous Reduction Savings

Baseline 5-->95% kt mEUR

air 0.0 0.0 0.0

soil 58.1 11.8 -46.3 176

water 63.4 42.8 -20.6 284

sea 10.2 10.2 0.0 0

degrad. 65.4 29.4 -36.0

removed 75.1 178.1 102.9

sum 272.3 272.3 460
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The investment costs (including maintenance) in EU road infrastructure were around 
55,500 million Euros. Highways are <5% of total roads (around 75,000 km), thus <2,800 
million were invested in highways. Assuming 10% higher cost of porous roads would 
translate to additional 280 million EUR. Similar order of costs is calculated assuming 4 
EUR/m2 increased cost for porous roads (10% of 40 EUR/m2). For a 6-lane road the 
cost would be 800 EUR/m. For 75,000 km, replaced 3% per year, the additional cost 
would be 180 million EUR. Both estimations (180-280) are at the same order (but lower) 
as the benefit (460 million EUR).  
Figure 9.6 summarises the results. It will take almost 13 years to reach a net positive 
balance, but after 30 years, when the replacement of the roads will have been 
completed and the costs will be only maintenance, the net benefit will become high. 
After approximately 25-30 years the sum over the years will become positive. 
 

 
Figure 9.6: Overview of costs and benefits of case applying porous roads at the EU 

highways. 

9.3. EU highways: better runoff treatment 

In this case we assumed that the highway treated runoff efficiency increased from 50% 
to 75%. This would result in 34 kt less to the aquatic environment (example year 2036), 
or 24 kt after considering degradation. Due to the higher cost compared to soil, it is 
expected that savings would be 330 million EUR per year after full implementation 
(Table 9.3). Note that the cost of tyre particles in the surface waters and those 
deposited was assumed to be equal to the cost in the marine environment. 
The higher percentage of treatments would need improvements of the current 
installations. The increased efficiency could be achieved by better maintenance, and 
addition of secondary treatment. The time frame is on the order of 5 years for such 
interventions. 
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Ponds with forebays or forebays with soil filters cost around 25,000 EUR (including 
maintenance) per decade. Assuming that there are ponds every 3 km of highway road 
(75,000/3) the improvement and maintenance cost around 625 million EUR. Figure 9.7 
shows an example that takes 10 years to improve the existing ponds, and then the 
costs remain the same (not 10% of the initial investment). The net benefit becomes 
positive only after a few years, and in the time frame 2025-2050 almost 6,000 million 
EUR can be saved. 
 
Table 9.3: Cost and benefits of applying higher efficiency treatment at the highways 

(example year 2036). 

 
 

 
Figure 9.7: Overview of costs and benefits of case applying higher efficiency treatment 

at the EU highways. 
 

9.4. EU urban 

For this case we assume that at urban areas only 10% reaches the soil, while the rest 
reaches the sewers. The urban treatment consists of combined and separate systems, 
with assumed ratios of 75% and 25%. For example, combined systems consist 70% or 

Highway treatment Reduction Savings

Baseline 50-->75% kt mEUR

air 0.0 0.0 0.0

soil 58.1 58.1 0.0 0

water 63.4 44.6 -18.8 259

sea 10.2 5.1 -5.1 70

degrad. 65.4 55.3 -10.1

removed 75.1 109.2 34.0

sum 272.3 272.3 330
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higher in some countries (NL, FR, UK), 40% in some others (DE, DK), or even lower 
[19]. We also assumed efficiencies of 85% and 50% for combined and separate 
systems respectively. The 85% efficiency includes also a 5% of CSO. Thus, the 
weighted efficiency is 76% (Figure 9.8). 
For the improved case we assume 95% efficiency of the combined systems and 75% of 
the separate with a weighted efficiency of 90%. These assumptions need to be re-
examined in the future when current facilities will be evaluated with standardized 
methods [222]. 
 

 
Figure 9.8: Urban areas with runoff consisting 75% combined systems with efficiency 

95% (instead of 80%) and separate systems with efficiency 75% (instead of 50%) 

(example year 2036). 
 
The efficiency improvement results in 48 kt less tyre mass, but a considerable amount is 
returned to the soil via the sludge (Table 9.4). Thus, the total savings are 594 million 
EUR annually. If the annual cost is1.5 billion Euros for the first 10 years and 10% 
afterwards, as presented in Figure 9.9, the investment will hardly recover even after 30 
years. However, it should be reminded that other benefits (e.g. from textile fibres) have 
not been taken into account. 
 

Urban to air

0% 0.0 air

porous 85% 0.0 removed

0% 0.0

tyre filter 15% 0.0 35% 0.0 degradation

wear 0% 0 to road

561.0 10% 56.1 5% 0.0 water

100% 561.0

to environment 60% 0.0 soil

Tyre wear non-porous 1% 0.6 removed

air 0.0 0% 0% 100% 56.1

soil 169.6 30% 82% 99% 55.5 35% 19.4 degradation

water 30.7 5% 15%

sea 7.6 1% 4% 5% 2.8 water

degrad. 34.5 6%

removed 318.6 57% 60% 33.3 soil

sum 561.0 100%

treated 30% 136.3 soil (from sludge)

90% 454.4

to runoff 70% 318.1 removed

90% 504.9

non-treated 15% 7.6 sea

10% 50.5

85% 35% 15.0 degradation

65% 27.9 water
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Table 9.4: Cost and benefits of applying higher efficiency treatment at the urban areas 

(example year 2036). 

 
 

 
Figure 9.9: Overview of costs and benefits of case applying higher efficiency treatment 

at the EU urban areas. 
 

9.5. Other measures 

Other measures that have not been examined due to difficulties in implementation are: 
• Avoiding microplastics from becoming part of sewage sludge or returning them to 

the agriculture soil. 
• Street cleaning due to the overall efficiency uncertainties 
• Installation of tyre filters due to the difficulty in installation and lack of robustness 

evidence. 
• Solutions at rural roads due to the high length of the roads 
• Biodegradation. It seems a promising solution with low cost. 

 
  

Urban treatment Reduction Savings

Baseline improved kt mEUR

air 0.0 0.0 0.0

soil 148.8 169.6 20.8 -79

water 69.0 30.7 -38.4 529

sea 18.0 7.6 -10.4 144

degrad. 55.1 34.5 -20.7

removed 270.1 318.6 48.6

sum 561.0 561.0 594



 

43 

 

 
D6.2 – Future policies and mitigation strategies on microplastics emissions 

10. Summary 

In this deliverable the fate of microplastics was examined. A simplified model was 
developed to assess different mitigation strategies. The model assumes that tyre 
particles reach air, road or runoff. The road was assumed to be porous or non-porous 
with different trapping efficiencies. The runoff was assumed to be treated or not. The 
cost of microplastics (year 2025) was assumed to be 13.8 EUR/kg for those ending up 
to the aquatic environment and 3.8 EUR/kg for those ending up in the soil. The cost 
estimates were based on cost estimates of plastics to the environment. To put the 
number into perspective PM10 has a cost of 29 EUR/kg, while PM2.5 160 EUR/kg in a 
city, and 495 EUR/kg in a metropole. The costs of mitigation measures, (runoff 
treatments) were based on the literature. 
 
A few sample cases were examined: 

• Replacing non-porous with porous surfaces at highway roads. 
• Improving runoff treatment at highways. 
• Improving runoff treatment at urban areas. 

 
The cost-benefit analysis showed a net benefit with improvement of highways runoff. 
Porous roads could be efficient but it would take almost 30 years to see the net benefit. 
Upgrading of all WWTP with tertiary treatment has high costs, which would hardly 
recover after 30 years if only tyre particles benefits are considered. Nevertheless, hot 
spots might have faster recuperation of the investments. Accelerated biodegradation 
seems also a promising cost-effective solution. 
 
Comparing with D6.1, it is clear from the analysis that addressing the source is the most 
cost-effective approach with an order of magnitude higher cost effectiveness compared 
to treating tyre particles after they have been emitted to the environment. Thus, 
measures reducing tyre wear should be prioritized (e.g. tyres with less wear rate, 
reduction of annual mileage and smoother driving, well maintained vehicle etc.). 
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