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Abstract 
The Swedish Government decided in 2017 to investigate different possibilities and challenges with 
implementing electrified roads in Sweden and since then, the Swedish Transport Administration has a 
program for investigations and research regarding electric road systems (ERS). The Research and 
Innovation Platform for Electrified Roads is part of this program and the present report is a 
compilation of the results derived regarding environmental impact of ERS from the work in work 
package two of this platform. 

The general concept of ERS is to deliver energy for charging and propulsion of vehicles while driving. 
The environmental aspects that are covered in this report are mainly focusing on particles, noise and 
electromagnetic field emissions. The information is attained from literature reviews and discussions 
with project leaders of demonstration projects for electrified roads in Sweden. Comparisons were 
made with similar existing techniques or concepts. The overall results indicate that more research is 
needed on environmental impact of ERS, mainly regarding particles from the wear of conductive ERS 
as well as on emissions of electromagnetic fields. It is for instance important to consider emissions 
from electromagnetic fields as early on in the development phase as possible as well as looking into 
the standards that regulates or need to regulate these technologies in order for them to work properly 
together with other electrical devices on or close to the roads. Screening of electromagnetic fields is an 
alternative, which could become a costly solution if considered later on in the process.  
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Referat 
Sedan den svenska regeringen år 2017 beslutade att undersöka möjligheter och utmaningar med att 
införa elvägar i Sverige, har Trafikverket startat ett program för utredning och forskning kring elvägar. 
Resultaten som diskuteras i denna rapport kommer från det arbete som gjorts i arbetspaketet för 
miljöeffekter av elvägar som bedrivits inom Forsknings- och innovationsplattformen för elvägar som 
är en del av Trafikverkets elvägsprogram. 

Det grundläggande konceptet med elväg är att leverera el för framdrift och laddning av fordon medan 
de är i rörelse längs med vägen. De miljöeffekter som studerats via litteraturstudier har främst handlat 
om partiklar, buller och elektromagnetiska fält. Jämförelser har gjorts med befintliga tekniker och 
koncept som kan liknas med olika varianter av elvägar. Det sammantagna resultatet är att det behövs 
mer forskning kring de miljöeffekter som elvägar kan föra med sig, främst gällande partiklar från 
slitage hos de konduktiva elvägsteknikerna och elektromagnetiska fält för olika delar och komponenter 
av elvägen. Det är exempelvis viktigt att tidigt se över emissioner av elektromagnetiska fält och de 
standarder som antingen finns eller behövs för att kunna reglera hur dessa tekniker ska kunna fungera i 
miljöer tillsammans med andra elektriska apparater. Skärmning av elektromagnetiska fält är alternativ 
för att begränsa sådana emissioner men skärmning brukar bli en kostsam lösning. 

Titel: Miljöeffekter av elvägar. En sammanställning av den litteraturstudie 
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Preface 
This report is the result of the work package on Environmental effects of electric roads, within the 
Research and Innovation Platform for Electric Roads, financed by FFI / Vinnova and the Swedish 
Transport Administration. The platform is divided into several different work packages, where work 
packag two was about the environmental effects that a possible roll-out of electric roads could have, 
mainly in terms of particles, noise and electromagnetic fields. The report is divided into a section 
about particles compiled by Fredrik Hellman with the help of Mats Gustafsson. The section on noise is 
written by Anders Genell and Lina Nordin has compiled the other parts, with support from other 
collegues. Yvonne Andersson Sköld has contributed with background material, discussions and expert 
knowledge as well as reading and valuable comments on the content. Discussions have been 
conducted within the platform for electric roads, through the reference group meetings and review 
seminars conducted where external reviewer Linda Olofsson reviewed the material on which this 
report is based. Discussions on electromagnetic fields have been conducted with Andreas Käck at VTI 
who also reviewed the sections dealing with electromagnetic fields following comments from the 
review seminar that was held on 5 December, 2019. We also want to thank Mikael Carlson at the 
Swedish Electricity Safety Agency who contributed with valuable advice and comments during the 
project, not least with comments regarding electromagnetic fields, in connection with the review 
seminar. 

Göteborg, June 2020 

Lina Nordin  
Arbetspaketsledare för Miljöeffekter 

Arne Nåbo 
Projektledare för FOI – Elvägar 
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Summary 

Environmental Impact of Electric Road Systems. A Compilation of the literature review of 
Work Package 2 in the FOI-platform for Electrified Roads  

by Lina Nordin (VTI), Fredrik Hellman (VTI), Anders Genell (VTI), Mats Gustafsson (VTI) and 
Yvonne Andersson Sköld (VTI) 

 

The Swedish Government decided after investigating possibilities of making road transportation fossil 
free, to investigate the possibilities and challenges with introducing electrified roads in Sweden, in 
2017. The Swedish Transport Administration (STA) has a program for the investigation, research and 
deployment of ERS (Electrified Road System) in Sweden and the Research and Innovation Platform 
for Electrified roads is part of this program. The results discussed in the present report comes from the 
environmental work package within this platform.  

The basic concept of ERS is to supply energy to vehicles while they are in motion. There are three 
different concepts of ERS in Sweden that are under investigation. The overhead catenary concepts 
transfer energy from power cables above the road, while the conductive rail techniques installed in the 
road surface provides energy from beneath the vehicle and the inductive technique transfers energy 
inductively from beneath the road surface.  

An obvious difference from conventional roads and vehicles is that there are no exhaust particles from 
the combustion in electric vehicles. The effects on the particle emissions (PM10 and PM 2.5) are 
however unclear as the successively improved particle filters used in cars in recent years have reduce 
the exhaust related particles from conventional vehicles. Measurements are needed to be able to 
compare particles from combustion motor vehicles and electric vehicles in the same road environment.  

When comparing environmental impact between different concepts it will be the amount of materials 
used as well as how often parts need to be replaced, i.e. the wear and tear of the components of the 
system, that will be of importance. The wear of the conductive techniques could also contribute to 
emissions of PM10 particles from the contact between the electric current collector and the conductor. 

Generally, when discussing noise issues and electrical vehicles the noises are reduced at velocities up 
to 30 km/h for light duty vehicles and 50 km/h for heavy duty vehicles. Hence, as ERS will be 
implemented on high-speed roads, noise will not be significantly reduced. There could however be 
different kinds of added noise from arcing or when the pick-up slides along the current conductor.  

It will be important to consider the effects of electromagnetic fields when preparing for implementing 
ERS. It could for instance be necessary to investigate the needs for electromagnetic shielding both 
regarding electrical devices as well as for people living close to the electric road. 

The vehicles themselves should be constructed in such a way that drivers are shielded from EMF. It is 
however difficult to shield magnetic fields as they will only diminish with distance from the source. 
When the vehicles are not connected to the road there will not be any magnetic fields, hence people 
living nearby will only be affected if someone is charging their vehicles from the ERS roads nearby.  

To be able to communicate with the vehicles and power systems as well as business models included 
in the ERS the need for WIFI or mobile communication will be evident. Migrating animals and 
insects, bats, birds and fish are furthermore affected by EMF and special investigations and 
precautions are therefore needed to understand and eliminate the risks of EMF from the whole Electric 
roads system including WIFI communication.  

  



10  VTI rapport 1053A 

 



VTI rapport 1053A  11 

Sammanfattning 

Miljöeffekter av elvägar. En sammanställning av den litteraturstudie som gjorts inom ramen för 
arbetspaket 2 i FOI-plattformen för elvägar 

av Lina Nordin (VTI), Fredrik Hellman (VTI), Anders Genell (VTI), Mats Gustafsson (VTI) och 
Yvonne Andersson Sköld (VTI) 

 

Den svenska regeringen beslutade år 2017 att undersöka möjligheter och utmaningar med att införa 
elektrifierade vägar i Sverige. Trafikverket har sedan dess startat ett program för utredning och 
forskning kring elvägar i Sverige och forsknings- och innovationsplattformen för elvägar är en del av 
programmet. Resultaten som diskuteras i denna rapport kommer från det arbetspaket inom plattformen 
som handlar om miljö. 

Elvägskonceptet handlar i princip om att väginfrastrukturen ska kunna tillhandahålla el för både 
laddning och framdrift medan fordonen kör, så kallad dynamisk överföring av energi. Det finns i 
nuläget (2019/2020) tre olika begrepp gällande elvägar som undersöks i Sverige. Luftledningar 
överför energi via en pantograf monterad på lastbilstaket, medan konduktiva skenor installerade i 
vägytan tillhandahåller energi via strömavtagare som monterats under fordonet och den induktiva 
tekniken överför energi induktivt via spolar installerade under vägytan, till en mottagare som finns i 
fordonet. 

Elvägen skulle vid en implementering möjliggöra för en stor del elfordon på vägarna. Elfordon ger till 
skillnad från fordon med förbränningsmotor inga avgaspartiklar vid framdrivning, vilket är en stor 
fördel i fråga om luftkvalitet. Effekten av elfordonsanvändning på minskat partikelutsläpp (PM10 och 
PM2.5) är emellertid oklar eftersom de partikelfilter som används i moderna bilar på senare år har 
förbättrats vilket markant minskat avgasrelaterade partiklar från förbränningsmotordrivna fordon. 
Mätningar behövs för att kunna jämföra partiklar från förbränningsmotorer och elektriska fordon i 
samma vägmiljö. 

Det kommer att vara mängden material och slitaget av olika delar av elvägen och elvägskomponenter 
som blir viktig i fråga om miljöeffekter vid jämförelser mellan olika elvägstekniker. Slitaget av 
konduktiva tekniker kan också bidra till utsläpp av PM10-partiklar från kontakten mellan ström-
avtagaren och ledaren. 

För elfordon gäller generellt att ljudet är lägre än för förbränningsmotorer i hastigheter upp till 30 
km/h för lätta fordon och 50 km/h för tunga fordon, vilket gör att tänkta elvägsinstallationer inte 
kommer att bidra till minskat buller eftersom elvägar planeras på höghastighetsvägar. Däremot kan 
olika typer av tillkommande brus från exempelvis ljusbågar eller från när strömupptagaren glider längs 
den konduktiva skenan, komma att påverka ljudbilden kring elvägen. 

Det är också viktigt att överväga effekterna av elektromagnetiska fält från de olika elvägskoncepten. 
Emissioner från elektromagnetiska fält (EMF) och olika typer av standarder för att dessa tekniker ska 
kunna fungera i miljöer tillsammans med andra elektriska apparater och radiovågor. Skärmning av 
elektromagnetiska fält är alternativ för att begränsa sådana emissioner men skärmning brukar bli en 
kostsam lösning och gränsvärden för denna typ av utsläpp är därför viktig att komma fram till för 
respektive koncept innan en storskalig utrullning sker. 

Vidare behöver fordonen byggas på ett sådant sätt att förarna är skyddade från EMF. Det är dock svårt 
att skydda från magnetfält eftersom dessa i princip, endast minskar med avståndet från källan.  

För att kunna kommunicera med fordon, kraftsystem och de betalsystem som ingår i elvägssystemet 
kommer det också att vara viktigt med fungerande wifi eller mobilkommunikation. Migrerande djur 
och insekter, fladdermöss, fåglar och fiskar påverkas vidare av EMF och särskilda undersökningar och 
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försiktighetsåtgärder behövs därför för att förstå och eliminera riskerna för EMF från hela det 
elektriska vägsystemet inklusive wifi-kommunikation. 
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1. Introduction 
The Swedish government decided after investigating possibilities of making road transportation fossil 
free, to investigate the possibilities and challenges with introducing electrified roads in Sweden, in 
2017 (Regeringskansliet, 2017). A lot has happened in the fields since then both globally and in 
Sweden. There are now two demonstration sites up and running on regular conventional roads (eRoad 
Arlanda, eHighways) and two more are in the initialization phase (EVolution Road and Smart road 
Gotland). The Swedish Transport Administration (STA) is, alongside of this, also planning on a full-
scale deployment of a pilot. The STA has a program for the investigation, research and deployment of 
ERS (Electrified Road System) in Sweden and the Research and Innovation Platform for Electrified 
roads is part of this program. The results discussed in the present report comes from the environmental 
work package within this platform.  

The environmental work package is investigating and analysing possible environmental effects on 
humans, animals and nature in terms of health and social impact, using literature reviews as well as 
input from experts in the field. 

Even though the term ERS is rather new, the concept of electric vehicles and electric transportation 
goes back to the first electric vehicles, trolley buses and trains. Literature discussing ERS or different 
technologies to electrify vehicles, either as stationary or dynamic transfer of energy is vast (Bi et al., 
2016; Chen, 2016; Gil and Taiber, 2014; Schulte and Ny, 2018; Tongur, 2018). 

The concept with ERS is to load the electric vehicle while driving. In Sweden the focus is mainly on 
three different concepts; the overhead catenary technology, much like trolleybuses, the conductive in 
or on road rails technologies and the inductive technology where coils are embedded within the road 
construction and energy is transferred wirelessly to the vehicle. A lot of studies regarding wireless 
power transfer exists as well as the effects that Electromagnetic fields (EMF) may have on humans. 

The environmental aspects that normally are considered regarding regular road and road transportation 
are noise, emissions of greenhouse gases and particles. In Sweden there are also other aspects that are 
investigated when it comes to road effects such as the effect that roads have on the nearby landscape, 
nature and cultural heritage sites. However, when discussing ERS, effects from electricity and EMF 
also needs to be included.   

This investigation aims at discussing what kind of environmental changes an implementation of ERS 
could have on a regular road. The concept of ERS deployment in Sweden is to use already existing 
roads, hence analyses are made regarding the differences that various technologies have compared to 
existing roads, in terms of noise, particle emissions, electromagnetic fields and the landscape. 
Greenhouse gases are excluded from the study since there will be no tailpipe emissions from ERS 
vehicles. One large difference is the power transfer which will be incorporated into the roads with 
ERS.  

All electric devices emit electromagnetic fields of various sizes. Since this is something that differs 
from regular roads it is important to consider such effects.  
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2. Concepts of ERS 
There are different kinds of ERS concepts considered in this report. However new concepts and 
technologies are tested, and the market and development are constantly increasing. ERS is basically 
the possibility of charging your electrical vehicles from the road while driving. The different concepts 
investigated in Sweden are the overhead or catenary technology, the conductive in or on-road 
technologies and an inductive technology.  

2.1. The overhead conductive technology  
The conductive catenary system e-Highway was developed by Siemens. This system has been used at 
the E16 demonstration site, close to Gävle, Sweden, and consists of overhead power lines at the height 
of 5 m above the road surface (Region Gävleborg, 2015). Every 50 m, in the road side verge, there is a 
support mast with a cantilever that holds the power lines. The concept is intended for trucks, and a 
pantograph is mounted on the roof of the truck to connect to the overhead power cables.  

This technique builds on the same concept as railways, it is a robust and proven technique and will not 
have a direct impact on the road structure. There is, however, a need for a lot of infrastructure, such as 
the support masts made of steel with concrete foundation. Extra longitudinal safety barriers along the 
roads are also required.  

2.2. The in-road conductive rail technology 
The conductive in-road electric rail that Elways has developed is installed within the road structure 
and transfers energy via a pick-up beneath the vehicle. The rail consists of conductive metal and 
isolating plastic with a top-cover of steel. The rail is 148 mm high and 144 mm wide and will be 3-5 
mm underneath the driving lane (Asplund, 2017). The rails need to be placed within reach of each 
power distribution box which are located within 1500 m of each other (Asplund, 2017; NCC, 2014).  

2.3. The on-road conductive rail technology 
This concept consists of a rail that is attached to steel plates which are glued on to the road surface 
every 1.5 m. The rail ends in a ramp that is glued to or bolted to the road surface. Since the rail is quite 
heavy, 10 m of the rail weigh 350 kg it is rather fixed to the surface. The rail is designed with 5 mm 
high rubber feet to allow water to flow under the rail.  

The rails used in this technology are mainly made of aluminium, isolators and copper. The rails have a 
life span of ten years (Zethraeus, 2017) and can resist unevenness, roughness, and up to 4-5 cm deep 
potholes (Zethraeus, 2017).  

This concept is being tested in a new demonstration site in Lund in Sweden with start in 2020.  

2.4. Inductive technologies 
There are two types of wireless power transfer used for electric vehicle solutions. Inductive power 
transfer, IPT and Capacitive power transfer, CPT. The inductive technology transfers energy 
magnetically between two coils. The sending coil is oscillating at high frequency which creates the 
power transfer. The oscillation is also the reason for the creation of electromagnetic fields. The CPT 
uses the electric fields to transfer power between metal plates. The CPT technique has low cost, is 
light and has less eddy-current loss than IPT (Lu et al., 2017). It is, however, best suited to transfer 
energy on shorter distances and has not yet been efficient enough for transferring energy to vehicles 
while in motion. 

The wireless power transfer technology that is tested in the new demonstration site in Visby, Sweden 
is of the inductive type. Coils are installed within the road construction, underneath of a surface layer 
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of asphalt. An electric current is induced between the copper coils in the road and a receiving coil in 
the vehicle.  
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3. Environmental impact 
The environmental impact of ERS depends on different aspects such as materials used, the robustness 
of the technique, how much and how fast the materials will wear down. The obvious improvement an 
ERS would have when comparing to conventional roads with combustion driven vehicles, is the local 
reduction of greenhouse gas emissions. With no combustion engines there will be no emissions of 
greenhouse gases or particles from the combustion of fossil fuel. With a large-scale implementation of 
electrified roads this will have a global impact as well. But how about other environmental impacts? 
This section of the report will describe material usage and particles, noise emissions and 
electromagnetic fields.  

3.1. Material use 
Each of the ERS technologies considered in Sweden are under development, and to understand how 
much material that in the end will be needed, is difficult. Manufacturers are still developing their 
respective technology hence the amount of materials used will shift from time to time. For this project 
questions where sent to both the eHighway and eRoad Arlanda demonstration sites in Sweden, 
regarding materials used, eRoad Arlanda was the only one to answer but they also mentioned to keep 
in mind that the technology is under constant development.  

Their rail is made from steel with the dimensions of about 0.148m x 0.144m, and apart from that, 
drainpipes are used as well as different sizes of aggregates and asphalt mixtures. The pick-up consists 
of plastic, and metals, such as copper, steel and aluminium.  

When it comes to eHighway the answers come from reports written during the start-up phase of the 
demonstration site and can of course have been altered since then. The overhead cable carrier was 
made of bronze; copper and magnesium, the contact wire also seems to be made from copper and 
magnesium, while the pantograph is made from steel and fiberglass plastics. The poles are made of 
galvanized steel and have foundations of concrete. The poles are 12,5 meters high with a cantilever 
reaching out eight to ten meters, over the road. The diameter of the poles used in the Swedish test site 
are 0.57 m. One pole is used every 50 – 60 meters. Depending on where the ERS is to be installed, 
there could be needs for extra safety barriers to protect road users from running into the poles in case 
of an accident.  

The materials used in the different ERS technologies are mainly the same and if comparing between 
two or more different concepts, it is the amount of materials used that will be of greatest importance.   

Here follows a simplified estimation to illustrate the importance of considering the amount of 
materials used in each of the technologies.  

Say for instance, for the sake of simplicity, that the electrical wiring such as in-ground cables of the 
ERS that are installed in the road such as rails or inductive technologies will equal out the overhead 
electrical cables of the catenary solution. Then there are still the carrier cables of the catenary solution 
as well as the foundation of the support masts, the masts themselves and the pantograph.  

The design of the different kinds of rail solutions are slimmer, but they need to cover the whole stretch 
of the road, while the masts of the catenary solution are only needed every 50 – 60 meters. To be able 
to know which one uses the least amount of material, it is crucial to know how much material that is 
used in each type of technique.  

Baliue (2019) compared between three different ERS concepts where the material use of the overhead 
catenary concepts includes 4,8 tonnes of copper cables and 7,8 tonnes steel poles for each kilometre of 
ERS. In their study the rail concept used 5 tonnes of steel for the rail. They furthermore compared the 
different concepts in terms of CO2 emissions during production and found that the catenary concept 
would emit about 5 times more than the rail concept.  
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3.2. Inhalable wear particle emissions from electric roads and vehicles 
Electric road systems where the vehicles are operated, or charged, through direct transmission of 
electricity via conductive transmission through physical contact with wires or through wireless 
induction, will contribute differently to particle emissions depending on type of ERS concept. As the 
conductive transmission is a well-established technology for trains and tramways, knowledge of 
particle emissions from rail and tramway combined with road traffic knowledge can be applied for 
estimating the impact of particle emissions from ERS roads.  

3.2.1. Airborne particles - a background 
In principle, all human activity creates air pollution of various kinds. During the last century, the 
concentrations of harmful air pollutants increased dramatically in comparison to pre-industrial 
concentrations. By reducing emissions of hazardous substances such as NOx, NMVOCs, and SO2, the 
air quality has generally improved in Europe during the last decades, and also in comparison to the 
2010 levels (European Environment Agency 2017). Nevertheless, as the transportation and especially 
road transportation is still increasing the decreases of particles are not yet at a desirable level. The 
trend of reduced emissions does, however, not apply to inhalable particles which instead in general 
increase, and today are considered a major health problem (European Environment Agency, 2017, 
Thompson, 2018, Ostro m. fl., 2011, Brunekreef, 2007, Pope och Dockery, 2006, Brunekreef och 
Forsberg, 2005, Wjst m. fl., 1993). High concentrations of small particles are often found in many 
large urban areas along busy roads but also in metros and train stations (Gustafsson, 2009), where the 
concentrations are particularly high in enclosed spaces such as tunnels. The particles consist of 
exhaust particles and non-exhaust particles from brakes, road surfaces, tires and dust from large urban 
areas.  

The emissions of exhaust particles from vehicles has, as with other vehicle exhaust emissions and in 
contrast to the non-exhaust sources, been significantly reduced since the introduction of particulate 
filters in diesel cars (Thorpe & Harrison, 2008). One estimate is that non-exhaust related particles 
account for more than 90% of the road and traffic related particles of less than 10 µm (Timmers & 
Achten, 2016). Other contributors are train and rail bound traffic, other activities such as construction 
sites and natural sources e.g. airborne dust from deserts and dry soils. Another important source of 
dusting during the winter season in Sweden is the suspension of dust from wear of studded tires and 
winter maintenance activities (Gustafsson et al., 2003; Johansson et al., 2008).  

The particles are often denoted as PM (particulate matter) and usually mentioned as PM10 and PM2.5. 
PM10 consists of solid or liquid particles less than 10 µm and PM2.5 of particles less than 2.5 µm. As 
a result of the awareness of the dangers of these particles, the EU has set out directives on accepted 
concentration levels (European Council, 2008, 1996). Under these directives, outdoor concentrations 
of PM10 may exceed 50 µg/m3 for 35 days in a year and the yearly mean value may not exceed 40 
µg/m3. For PM2.5 the yearly mean concentration must be lower than 25 µg/m3.  

Airborne particles are identified with several serious health risks. Many epidemic studies show several 
different types of adverse health effects such as early death, heart and lung diseases, negative effect on 
infant’s lung development, increased asthma as well synchronic obstructive pulmonary disease 
(Dockery, 1993, Ciccone, 2000, Atkinson et al., 2001, Kleinman et al. 2007, Gent et al. 2009). The 
properties of the particles may vary and depend on source as well as on chemical and physical 
processes that interact during the suspension time. The hazardousness of the particles depends not only 
on mass concentration in the air but also on their size, chemical composition morphology and surface 
properties. Particles from combustion are generally very small (a few 100 nm or less) and consists of 
different kind of organic compound whereas non-combustion particles generally are larger and consist 
of minerals and metals, their impact on health issues will therefore vary.  
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The particles dealt with here are non-combustion in origin. The effect of particles in sizes 2,5-10 µm 
have in epidemical studies been shown to have negative effects on humans with airway deceases, but 
also increased acute mortality in connection to high pollution levels (Meister et al., 2012, Forsberg et 
al., 2005, Lipsett et al., 2006, Ostro et al, 2000). In toxicological studies (e.g. Karlsson et al., 2005) it 
has been shown that non-exhaust particles from subway traffic often are dominated by metals, mainly 
Fe (iron). In cell studies these particles induce more DNA damage than mineral dominated wear 
particles from road pavements. On the other hand, wear particles from road pavements have been 
found to induce higher inflammatory responses (Karlsson et al., 2006, 2005; Lindbom et al., 2006). 
Studies in the underground metro environment indicates that negative health problems caused by 
particles emitted in the metro are not large at the observed concentrations (Larsson, 2008).  

Another aspect that is important regarding exposure and consequent health impacts is the nature of the 
site. If the source is in a closed room such as a subway, this means that the concentrations may be 
higher than in an open space since the existing air volume is more limited. Similarly, buildings, 
ceilings and trees can limit the available air volume and dispersion and aggravate the situation near the 
source that generates the particles. Also, humidity, rain and wind can affect the amount both 
negatively and positively. Dry environment allows the recirculation and dusting of particles to 
increase, while moist road paving reduces emissions (Abu-Allaban et al. 2003). The speed and size of 
vehicles also affect the amount of particles that recirculate (Abu-Allaban, et al. 2003). The smaller 
particles can stay suspended while larger and heavier particles deposit on the ground. An example is 
African desert dust that is carried by the wind and provides elevated PM10 values around the 
Mediterranean (Artíñano et al. 2004).   

 
Figure 1. An eHighways truck with current collector on pantograph and overhead lines. Photo: Lina 
Nordin. 

3.2.2. Possible sources of airborne particles related to electric road systems and 
vehicles 

Electric road systems (ERS) can contribute to emissions of PM10 particles. The identified places are 
1) the contact between the current collector (pantograph) and the overhead lines (or tracks), 2) brakes 
and other moving parts, 3) tires and road surface.  
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Vehicles operating on ERS roads are like regular trucks but have engine and powertrain systems more 
similar to rail bound electric traffic. The vehicles will be charged either through a current collector on 
the roof (pantograph) connected to overhead lines (Figure 1) or a current collector under the vehicle to 
take the power from an ERS track in the road (Elways, 2018; eRoadArlanda, 2018).   

Current collectors and overhead lines degrade with time because of the physical contact between them 
when the vehicle runs. The wear is both mechanical and electrically induced. These are inversely 
correlated to the contact pressure to the overhead line (Figure 2). Small particles are emitted when 
wear occurs but can be lowered by using optimized contact pressure. ERS systems using a current 
collector (pick up) under the vehicle in a track have similar wear of both track and pickup.  

 
Figure 2. Mechanical and electrical wear on current-collectors and overhead lines as a function of 
contact pressure (modified from Nylander, 2018). 

It is likely that the wear will be faster on a busy ERS road as these systems (fully developed) will have 
a higher vehicle density that collect electricity than a corresponding train system with one locomotive 
carrying many carts. In practice, the number of particles emitted from overhead lines, ERS tracks and 
current collectors will therefore probably be higher. The emitted particles will consist of metals that 
are used in the conductor materials. The current collectors (pantographs) are made of graphite (C) and 
overhead lines are in copper (Cu) (eHighways, 2018).  

When it comes to wear from the electric current collector in the road, it is even more uncertain as these 
systems are in the experimental stage. The ERS tracks in the road are made of steel and the current 
collector are made of plastic, and metals, such as copper, steel and aluminium  (Hörnfeldt, 2018). It is 
also uncertain how the dispersion will occur as the particles possibly will be swirled around by the 
turbulence from moving vehicles. However, it is a big difference between train traffic and planned 
ERS roads for freight traffic. Particle measurements made on train traffic e.g. (Gustafsson, 2009)  in 
tunnel or station environments are relatively closed spaces with limited air volume, whereas road 
freight traffic is planned along the major motorways, preferably in rural areas. Therefore, particle 
dispersion will be over a reasonably large area and at lower concentrations. If the systems will be used 
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for example by buses in the urban area, there may be greater risks but the number of buses that operate 
these routes, will probably be quite limited or at least the same as for regular buses.  
Particle emissions from brake pads on train and rail traffic, are an important source of PM10 at station 
areas (Gustafsson, 2009, Abbasi et al. 2012). Also, for heavy and light duty vehicles, the brakes are a 
major source of particle formation. It has been found that particle emission from braking, stands for 
between 16 and 55 % by mass of the non-exhaust PM10 particles and 11-21 % of the total PM10 
emissions (Grigoratos & Martini 2015). In urban areas with frequent braking, the contribution can be 
as high as 55 % by mass of all PM10 non-combustion particles (Grigoratos & Martini 2015). 
However, this proportion is considerably smaller for rural roads and highways with steady speed and 
less braking, which is the type of road that primarily, will be used for electric roads. At road exits or 
other areas where braking often occurs, the emissions may also be particularly high (Abu-Allaban et 
al. 2003). It has been shown that trains using electromagnetic brakes, have lower particle emissions 
(Abbasi et al. 2012).   

Another source of particles relevant to all road traffic, including electric roads, is the tyre wear. 
Emissions of PM10 from tires are estimated to 0.002-0.1 g/vkm for cars (Hann et al., 2018; Panko et 
al., 2018). These particles may contribute both to pollution of air and as a source of microplastic (Kole 
et al., 2017). It is, however, not known if these emissions are affected by the introduction of electric 
roads. Electric vehicles (battery powered) are often heavier which make the emissions of wear 
particles higher (Timmers and Achten, 2016). With the introduction of ERS such wear could possibly 
be reduced as the batteries will be smaller and less heavy. 

Resuspended dust is often identified as the main particle sources to PM10 emissions (Denby et al., 
2018; Gon et al., 2013). The dust consists mainly of wear particles from road surface, tires and brakes 
or from sources nearby the road (e.g. dust from building activities, bare soils and gravel roads).  

A significant source of wear particles from the road surfaces in Sweden and other northern countries, 
comes from materials used in winter road maintenance as well as the wear caused by studded tyres 
(Areskoug et al., 2001; Gustafsson et al., 2005; Kupiainen et al., 2016). Heavy vehicles in Sweden 
does however not use studded tires. The direct emission from studded tire wear can therefore be 
assumed to be the same on an electric road compared to on a normal road unless special surfacing 
materials are used with other properties than conventional road materials. 

The impact of road dust is affected by dust storage, traffic composition, speed and meteorology, where 
the moisture of road surface is primarily an important factor of influence (Denby et al., 2013b, 2013a). 
It is unclear whether any different conditions regarding these factors exist for electric roads compared 
to other roads. One factor that can affect dust storage and road humidity is how the road is operated. If 
the road is cleaned more often, this may cause less dust to be available for suspension.  

A main difference between electric vehicles and conventional vehicles is that electric vehicles do not 
emit exhaust particles from internal combustion engines and particularly NOx from diesel vehicles. 
During the last decades, however, the EURO vehicle emission standards have resulted in successively 
improved particle filters which have reduced the exhaust related particle emissions from both light and 
heavy-duty vehicles. To be able to provide information on particulate emissions from electrical roads 
and its vehicles, measurements must be made. These measurements should then be designed in a way 
so that it is possible to compare with combustion motor vehicles in the same road environment. 

3.3. Electric roads and noise 
Traditional ICE vehicles have essentially three sources of noise: the drive train, the tyre-road contact 
and aerodynamic noise. Supplying electricity to the vehicle through the infrastructure may remove the 
drive train source, provided the propulsion is fully electric. There are, to our knowledge, no studies 
about electric roads and the impact on noise levels or how it affects the experience of noise, but the 
vehicles utilizing an electric road is in essence an electric vehicle, and there are a few studies on noise 
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and electric cars. Within the European Electromobility+ research framework, one work package of the 
COMPetitive Electric Town Transport (COMPETT) project lead by the Danish Road Directorate 
included both a literature review (Stahlfest Holck Skov and Iversen, 2015) as well as results from  
measurements in urban environments (Iversen and Stahlfest Holck Skov, 2015). The literature review 
points out that there may be great opportunities to reduce noise by replacing ordinary internal 
combustion engines with electric power, but that there are still considerable uncertainties about the 
extent of this potential (Stahlfest Holck Skov and Iversen, 2015). There are major differences in the 
outcome between different studies, and the outcome depends on how and where the study was 
conducted. This depends, for example, on speed, acceleration and braking, as well as the type of tire 
and road surface. Often the conditions of the reported studies were not fully documented regarding the 
type of vehicle, tyres or road surface. Common for most studies is, however, that it is mainly at low 
speeds that the noise reduction potential can be relatively large (Stahlfest Holck Skov and Iversen, 
2015), which was also supported by calculations using the traffic noise prediction calculation model, 
Nord 2000. Stahlfest Holck Skov and Iversen also performed their own measurements with four 
different vehicles: Citroen Berlingo, conventional, fitted with Michelin Agilis 51 tires (71 dB); Citroen 
Berlingo, Electric, with Michelin Energy saver tyres (69 dB); Nissan Leaf, Electric, with Michelin 
Energy saver tires (70 dB); and VW Golf conventional, with Michelin Energy saver tires (70 dB). The 
measurements were conducted at a parking space with dense graded asphalt concrete with soft binder, 
located so that the measurements should not be affected by other traffic noise. In accordance with the 
predominant results of the literature review, they found that noise emissions from electric vehicles are 
lower than those of conventional vehicles, at low speeds. The conclusion of the study was that at low 
speeds, up to about 30 km/h, the sound emission from electric vehicles was significantly lower than 
from conventional vehicles. At higher speeds, the road/tire sounds completely dominate (Iversen and 
Stahlfest Holck Skov, 2015; Stahlfest Holck Skov and Iversen, 2015). This indicates that the reduction 
will only be noticeable in low speed areas such as in cities. It should be noted that the conclusions 
from the literature review and the measurements mainly concern passenger vehicles and not heavy 
trucks of buses. Ögren et al. (2018) did, however, found that the rolling noise would exceed the 
propulsion noise at speeds higher than 30 km/h for light vehicles and at 50 km/h for heavy vehicles.  

In general, it can, hence, be assumed from the literature review as well as from the measurements that 
the difference in noise level between ICE vehicles and fully electric vehicles is negligible at speeds 
above 50 km/h for most prevalent road surface conditions. At higher speeds, the tyre-road interaction 
dominates the radiated sound. For an extensive description of tyre-road noise mechanisms, see e.g. 
Sandberg and Ejsmont (2002).  

3.3.1. Standard requirements regarding noise from electric vehicles 
 
Regarding sound from electric vehicles, the US Pedestrian Safety Enhancement Act of 2010 (2010) 
states requirements to manufacturers: 

“The standard required under this section shall provide that every motor vehicle be equipped with a 
method — 

1) to provide blind and other pedestrians with a non-visual alert regarding the location, motion, 
speed, and direction of travel of a motor vehicle that provides substantially the same 
protection of such pedestrians as that provided by a motor vehicle with an internal 
combustion engine; and 

2) that will permit a blind or other pedestrian to determine the location, motion, speed, and 
direction of travel of a motor vehicle with substantially the same degree of certainty as such 
pedestrians are able to determine the location, motion, speed, and direction of travel of a 
motor vehicle with an internal combustion engine.“  
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Implementation of these requirements have also been adopted by the UN in Regulation No. 138 – 
Uniform provisions concerning the approval of Quiet Road Transport Vehicles with regard to their 
reduced audibility (2017) and a corresponding ISO standard detailing a measurement method to be 
used when determining minimum sound levels, ISO 16254:2016 Acoustics — Measurement of sound 
emitted by road vehicles of category M and N at standstill and low speed operation. This has resulted 
in the requirement that all electric vehicles are to be equipped with warning sounds that are activated 
at speeds up to 20 km/h. Whether this may have an impact on noise from electric roads mainly 
depends on the speed at which the electric road is being used, but as most of the technical solutions for 
electric roads, aim for higher speeds, it is unlikely that Regulation No. 138 would have an impact.  

For higher speeds there would still be a possibility to reduce noise emissions from electric roads 
compared to conventional ICE traffic, by applying low noise road surface materials on the electric 
road. This is because the dominating source of noise from traffic at electric roads is tyre-road noise 
and the lack of drive train noise makes applying low noise road surface materials particularly efficient. 

As for aerodynamic noise, it will mainly occur at higher speeds where turbulent flow starts appearing 
around edges of the vehicle body. For electric roads, there is a possibility that equipment such as a 
pantograph on a vehicle could cause increased aerodynamic noise. There are no studies for electric 
road use, but there are plenty of studies on aerodynamic noise from trains. In a study on potential noise 
issues in a future development of high-speed trains in Sweden, a simple model for aerodynamic noise 
from the pantograph was presented (Zhang, 2010). In short, the contribution from the pantograph was 
mainly valid at speeds above 150 km/h, and this is also corroborated in modern noise prediction 
calculation models where aerodynamic noise from trains is disregarded below 200 km/h. Hence, the 
contribution of aerodynamic noise is likely to be small for a vehicle on an electric road. Other 
technical solutions such as a pickup sliding on a rail in the road to supply electricity is an untested 
system but could be more related to the rolling noise of a train and may contribute also at lower 
speeds. 

All vehicle types within European Union need to be approved according the UN-ECE Regulation No. 
51 - Uniform provisions concerning the approval of motor vehicles having at least four wheels with 
regard to their sound emissions (2015). The regulation specifies accepted noise levels as well as 
conditions for measurements regarding tyres, road surface, vehicle load and driving conditions. The 
regulation does not take the existence of electric roads or the associated vehicle mounted equipment 
into account. It is very likely that with a wide adoption of electric roads the regulation will take these 
issues into account, which points to the need for developing measurement methods and driving 
conditions to capture noise from vehicles on electric roads. This is particularly important for heavy 
vehicles, as there are very few studies performed on noise from fully electric or hybrid electric heavy 
vehicles. 

Electric roads will have the potential to contribute to an increase in the share of electric vehicles, 
especially trucks, buses and other heavier vehicles, in comparison with today. At lower speeds this can 
contribute to a reduced noise level. Using electric roads could also contribute to reducing the vehicle 
weights as a result of smaller batteries, compared to electrical vehicles driven entirely on its own 
electricity. This may also contribute to lower noise levels arising from road and tires. Depending on 
the design of the road, other noise situations may occur. 

From the demonstrations sites in Sweden that has been testing different ERS technologies it has been 
shown that the in-road technologies will need electricity supply from cables connected transversely to 
the rail in the road from the roadside area. This resulted in transverse joints at a regular interval. Even 
if such transverse cuts are made small, the irregularity couldcause noises such as small thumping 
noises every time a vehicle passes. Which in turn, could cause disturbing noise emissions for nearby 
housing. Similar noise disturbances are those propagating from motorway expansion joints as seen at 
the Gudenå Bridge in Denmark (Finne and Fryd, 2017). The noise coming from vehicles passing the 
joints of the bridge had caused complaints from residents in the area. Noise measurements showed that 
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such noise coming from expansions joints are needed to be taken seriously when planning for new 
bridges, especially in residential areas. Even though the transverse joints of ERS roads should be less 
prominent compared to bride joints, further investigations of noise from different kinds of ERS 
concepts should, be relevant to consider before any large-scale implementations.   

3.3.2. Work environment sound 
As for the interior sound in the vehicle cabin, the greatest concern for the drivers are not any risk for 
hearing damage as modern vehicles exhibit relatively low sound levels overall. The response of the 
drivers to the interior sound will depend on a number of factors. Professional drivers of heavy trucks 
tend to judge the interior sound differently than non-professional drivers, and one explanation can be 
what the sound means to the driver. If the sound gives useful information, it is less likely to be 
annoying, and a sound that holds a meaning to a driver with experience may be perceived as 
meaningless (and annoying) to a driver without experience (Genell and Västfjäll, 2013). Sounds that 
give information to the driver about the state of the vehicle and conditions of the road are likely to be 
perceived as positive. Sounds that convey the impression of something being wrong are likely to be 
stressful, if the impression is that it will affect the performance of the vehicle, and/or annoying for 
sounds like rattling or squeaking that imply poor quality or minor faults. Such impressions of quality 
also apply to the infrastructure and may also be conveyed via interior sound (Ihs, 2010). Potholes, 
cracks, raveling etc. of the road surface will propagate as structure borne or airborne sound to the 
interior. In a similar manner as for the inherent vehicle sounds, the sounds emanating from the 
tyre/road interaction will be perceived by the driver as stressing or merely annoying depending on the 
underlying reason for the sound, and whether it is likely that it will affect the vehicle performance, or 
probability of safety or the travel time.  

In the context of electric roads, there are several sources that may contribute to the interior sound. In 
table 2, such sources are compared between the different types of vehicle concepts, where EV stands 
for Electric Vehicle, and ICE V stands for Internal Combustion Engine Vehicle.  

Table 1. Impact assessment of various aspects affecting noise emissions. 

Reasons for noise 
emission 

Conductive 
Catenary 

Conductive 
rail on road 

Conductive 
rail in road 

Inductive Battery 
driven EV 

ICE V 

Noise, Vibration and 
Harshness from engine 

No No No No No Yes 

Contact between tyre and 
road surface 

Yes Yes Yes Yes Yes Yes 

Studded tyres  Yes Yes Yes Yes Yes Yes 

Vibrations in vehicle from 
irregular road surface 

Yes Yes Yes Yes Yes Yes 

Noise from regenerative 
braking of electric vehicle  

Yes Yes Yes Yes Yes No 

Noise from contact 
between current collector 
and rail in road 

No Yes Yes No No No 

Noise from contact 
between current collector 
and catenary wire 

Yes No No No No No 
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Reasons for noise 
emission 

Conductive 
Catenary 

Conductive 
rail on road 

Conductive 
rail in road 

Inductive Battery 
driven EV 

ICE V 

Noise from arcing on 
catenary wire or rail in 
road. 

Yes Yes Yes No No No 

Sounds like scraping or whistling from the pickup or pantograph, and thumping sounds from slits in 
the road for power supply cables for the on-road charging infrastructure may be perceived as negative 
due to the same reasons regarding stress and annoyance as sound in ordinary vehicles and roads. 

Also, professional drivers are used to the interior sound environment being dominated by low 
frequency sound from the engine and exhaust. When driving in purely electric mode, this dominating 
sound source is removed, and all other sounds will be more prominent, further pointing to the 
importance of handling potentially annoying sounds from the vehicle or the infrastructure. 

3.4. Electromagnetic fields 
Electromagnetic fields (EMF) are a common source of interest when it comes to electric devices, 
techniques or solutions. The concerns regarding EMF in ERS is of course also of huge interest in a 
work package that should consider all environmental aspects of ERS.  

EMF consists, as the name imply, of two components the electric fields and the magnetic fields. 
Electric fields are induced from electrical voltage and the magnetic fields are basically generated 
around electric currents. Electric fields exist whenever there is an electric voltage present even though 
there is no electrical current flowing in the cable, while the magnetic fields are only induced when 
electrical current is flowing, such as when the lamp is switched on. 

EMF has always been present on Earth. The iron core of the planet generates the electromagnetic 
fields of the Earth, that are used in compasses as well as by animals, such as migratory birds. 
Researchers have also concluded that large groups of birds that seem to be moving simultaneously, 
generates electric fields when flying (Warnke and Luttichau, 2009) and can know how to move in 
accordance with the rest of the flock by following electromagnetic signals created from their own wing 
movements. Other natural EMF comes from the weather. Warnke and Luttichau described how bees 
return to their home when a thunderstorm is coming by sensing the different electric charges in the air. 
They furthermore described that if the natural signals would be overlapped with artificial oscillations 
the rate in returning bees would rapidly decrease. This suggests that disturbing signals of EMF could 
affect natural behaviour of insects and animals.  

3.4.1. Electromagnetic effect on animals 
The EMF limits set by WHO are set to fifty times lower than the limit where disturbances have been 
found in animals. This section of the report will hence describe known effects on animals to 
enlightening the risks to animals as well as humans.  

Electromagnetic fields have been shown to have different kinds of effects on rats and mice. These 
kinds of animals are often used in medicinal studies to help in understanding how humans would be 
affected. There are for instance, studies of behaviour, stress and anti-depressive processes, memory 
retention, effects on muscles as well as on cell-level, that has been conducted on mice and rats, that 
indicate effects of EMF within the body.  

Studies on why large groups of birds, insect swarms and schools of fish can stay together, and seem to 
move simultaneously even though the groups can cover an area of 500 m2 have indicated that the 
individuals of the groups are navigating by electromagnetic signals (Warnke and Luttichau, 2009). 
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Warnke and Luttichau, also mentioned that signals from transmitter stations can interrupt the 
commonly v-shaped formation of migrating birds.  

3.4.1.1. Radiofrequency (100 kHz – 300 GHz) 
Radio frequencies are found in mobile phones, broadcasting and TV, radio transceivers, radar as well 
as Wi-Fi. When discussing ERS it is important to include the payment systems of the energy transfer, 
will most likely will be provided via some kind of WIFI transmission.  

The concern is not only regarding exposure to specific frequencies but rather the level of emission as 
exposure to EMF has become more common and often without our knowledge or consent. Pall (Pall, 
2018) reviewed studies on health effects from exposure to Wi-Fi and found that Wi-Fi causes 
oxidative stress, sperm or testicular damage, cellular DNA damage as well as calcium overload, to 
mention a few.  

Favre (Favre, 2017) showed that honeybees was affected by increased amplitudes of radiofrequency 
RF-EMF. Favre did sound analysis in beehives with increased EMF and found that after about 45 min 
the bees started to produce sounds that were higher in frequency and amplitude than for undisturbed 
bees. Other studies of bees have also shown aggressive behaviour as well as abandoning beehives (e.g. 
(Warnke and Luttichau, 2009). It is hence important to take this into consideration when planning for 
ERS, as the risks of bee-distinction are already a current concern.  

Warnke (Warnke and Luttichau, 2009), also mentioned the interference that radiofrequency 
electromagnetic fields could have on migratory birds, which was also described by (Wiltschko 
Roswitha et al., 2015). Other animals that could be affected from interference in the earth’s magnetic 
fields are fish and insects such as termites and ants.  

One study with mice showed that mice that was treated with carcinogen and exposed to RF-EMF had 
significantly higher number of tumours in lungs and livers than did non exposed mice in the control 
group. The levels to which the mice was exposed was well below the exposure limits for the use of 
mobile phones (Lerchl et al., 2015).  

3.4.1.2. Extremely low frequencies – ELF (0 – 300Hz) 
EMF in the ELF band comes from power lines, electric engines in cars, trains and tramways as well as 
welding devices.  

Bahaodini et al. (Bahaodini et al., 2015) showed that the sperm mobility and testosterone levels were 
significantly reduced in rats when exposed to 50 Hz/1 mT. Further studies on mice concluded that 
long-time exposure to ELF-EMF causes effects that are similar to physiological stress (Martínez-
Sámano et al., 2018), which was also indicated by Karimi et al (Karimi et al., 2019), whom suggested 
that exposure to ELF-EMF could cause anxious state or oxidative stress. They did, however, conclude 
that ELF-EMF can improve memory retention. Another study of male rats did, on the other hand, not 
show any shifts in behaviour like anxiety or stress, the cognitive and memory abilities were not 
affected and there were no shifts in morphology and histology of the brain after the study (Lai et al., 
2016).  

Laszlo (Laszlo et al., 2018) found from a study of turkeys, that the functionality of behavioural and 
physiological processes in the body of could be affected when exposed to ELF-EMF. Also insects 
seem to be affected by ELF-EMF. Wyszkowa et al. (Wyszkowska et al., 2016) showed that insects are 
affected by ELF-EMF both in terms of higher stress protein levels as well as in behavioural and 
physiological processes. This was also concluded from the studies made by Warnke (Warnke and 
Luttichau, 2009). 

Besides the known fact that animals use the geomagnetic fields of the earth to navigate during 
migration, they can also align their bodies along these fields. Belova and Acosta-Avalos (2015) 
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mentioned that such alignment of cattle has been disturbed close to powerlines. They conclude that 
variations in the magnetic field may affect the magnetic sensitivity in animals. Which in terms of ERS 
e.g. could cause disruption in paths for migratory birds.  

3.4.2. Electromagnetic effects on plants  
It seems that electromagnetic fields act similarly in plants as in animals according to Pall (Pall, 2016). 
The low frequency EMF appear to be activating calcium channels in the plasma membrane of both 
plants and animals which in turn leads to diverse biological effects.  

Halgamuge (2017), showed that for example maize, pea, tomato, onions and mungbean plants seemed 
to be very sensitive to radio frequency EMF. It furthermore seemed as if the plants were more 
responsive the frequencies between 800 and 1500 MHz.  

Waldmann-Selsam et al. (Waldmann-Selsam et al., 2016) demonstrated that trees were damaged by 
electromagnetic radiation from mobile phone masts. It was furthermore shown that such damage 
usually starts on the side facing the mast but will extend to the rest of the tree over time. Further 
studies on electromagnetic fields effect on plants are found in (Havas and Sheena Symington, 2016). 
They showed that the growth of peas was markedly reduced if plants were subjected to WIFI.  

Such aspects, as those mentioned above will be crucial to consider in terms of planning for ERS. If 
possible, the ERS should not be placed in the vicinity of plant schools or gardens producing 
vegetables. 

3.4.3. EMF effects on human health 
The European Commission have produced a guide for good practice concerning electromagnetic fields 
and workplaces, to help implementing the Electromagnetic field directive 2013/35/EU (European 
Parliament, 2013). They have differentiated between direct and indirect effects of EMF. The direct 
effects mentioned are vertigo and nausea, effects on sense organs, nerves and muscles, heating of 
nearby human bodies. Indirect effects are interferences with medical electronic equipment as well as 
implanted medical devices or medical devices worn on body such as insulin pumps. They also list risk 
for fires, explosions from ignition of flammable or explosive material, electric shock or burns if 
someone mistakenly touches a conductive part within an electromagnetic field, as well as risks of 
initiation of detonators. The International commission on Non-Ionizing Radiation Protection (ICNIRP) 
did also mention such effects on human bodies in their guidelines for occupational and general public 
exposure to EMF (Matthes and Bernhardt, 1999).  

In terms of electromagnetic fields generated from powerlines and electric vehicles the frequencies 
ranges in the extremely low frequency fields from 0 – 300 Hz. Bi et al. (2016) mentioned several 
studies made on the effects on humans from EMF below 100 Hz. Such effects are annoyance, surface 
electric-charge effects and stimulation of central and peripheral nervous tissues. Another possible 
effect is where electromagnetic fields induces waves that are experienced as a sensation of a flickering 
light in the corner the eye. This disorder is called retinal phosphene visualization (Fisher et al., 2014).  

The World’s Health Organization (WHO) have initiated an international electromagnetic field (EMF) 
project which aims at coordinating all international research regarding EMF and health effects. The 
research includes studies on cells, animals and human health (WHO, 2019). 25 000 scientific papers 
over a time span of 30 years have been examined and according to WHO there is no evidence that 
exposure to low levels of electromagnetic fields are harmful to human health. However, long-term 
effects are not satisfactory studied and further research is needed.  

The project also aims at facilitating development of international standards for EMF exposure. The 
guidelines that are used today differ between different countries and a common view is preferable. The 
guidelines set by ICNIRP are according to WHO set in regard to when behavioural disturbances are 
detected on tested animals. The limitation values for the general public are set to 50 times lower than 
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the limits when the disturbances in animals are detected. It is mentioned that exposure to EMF below 
the limits is safe to a scientific knowledge, not meaning that values above are harmful.  

This is, however, still not enough according to the International EMF Scientist Appeal, a group of 
scientists from 43 different nations engaged in the study of biological and health effects of non-
ionizing electromagnetic fields (EMF). In July 2019 they renewed the appeal they sent to the 
Environmental Program of UN, UNEP, in 2015 where they ask for an independent multidisciplinary 
committee to further investigate alternatives to current practices with the potential of lower human 
exposures to RF (radiofrequency) and ELF fields. They further demand that children and pregnant 
women should be protected and that standards and guidelines should be strengthened (EMFscientist, 
2019).  

They mean that several recent publications show that EMF is affecting living organisms at much lower 
levels than what is set in most existing national and international guidelines (Redazione, 2015).  

It is interesting to compare between the limits set by different organization. For instance, the ICNIRP 
and the Swedish Radiation Safety Authority have set a limit of 61 V/m or 0.20 µT (magnetic flux 
density) for mobile phone and WIFI, while the Bioinitiative.org (consisting of a group of 29 
researchers from ten different nations, including three former presidents and five full members of the 
Bioelectromagnetics Society, BEMS) have set the same limit at 0.033 V/m (3 µW/m2)(Carpenter and 
Sage, 2007; Matthes and Bernhardt, 1999; Strandman, 2009).  

The Bioinitiative have summarized a comprehensive report on how humans are affected by EMF 
(Carpenter and Sage, 2007). They strongly suggest that the limits set by ICNIRP are outdated. Instead 
new limits should be developed and implemented. They furthermore suggest that meanwhile setting a 
planning limit of 0.1 µT for new or upgraded power lines, such as, for instance, will be used for ERS, 
and 0.2 µT for all other new construction.  

In the home environment there are other aspects to consider, and people with cardiac implants are for 
instance to keep a safe distance from induction furnace ((European Parliament, 2013). This would 
further imply safety precautions when it comes to inductive ERS.  

3.4.3.1. Electromagnetic hypersensitivity  
Electromagnetic hypersensitivity has been reported since the 1980’s and since then several studies 
have been performed. Rubin (2005) investigated 31 experiments, including 725 patients with 
electromagnetic hypersensitivity. They concluded that even though the patients experienced symptoms 
that can be severe and disabling, the studies could not prove that exposure to EMF can trigger these 
symptoms under blind conditions. Nevertheless, the symptoms remain and are well perceived by the 
patients. Introducing an obvious and visually overwhelming sight of overhead lines will possibly 
trigger such symptoms on hypersensitive people.  

The Resolution 1815, set by the Parliamentary Assembly of the Council of Europe, European Union 
(Parliamentary Assembly, 2011) on “The potential dangers of electromagnetic fields and their effect 
on the environment” recommends that the member states should take measures to reduce the exposure 
to EMF. This should be done by reconsidering the limits set by ICNIRP, as they consider those limits 
having “serious limitations”. The limits should include both thermal and athermic or biological effects 
of EM emissions and radiation. The resolution, furthermore, emphasizes to put particular attention to 
electrosensitive people. People suffering from such syndromes should get special measures for 
protection including wave-free zones where no wireless networks are allowed.  

When it comes to planning for electrical power lines, as such that could be expected with the 
introduction of ERS, it is important to plan such lines at safe distances from dwellings. The limits for 
relay antennae should be reduced and follow the ALARA principles (as low as reasonably achievable) 
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and all antennae should be continuously and comprehensively monitored (Parliamentary Assembly, 
2011).  

3.4.4. Electromagnetism in electric vehicles 

3.4.4.1. Electric cars 
There are numerous studies including electric cars and the effect on humans (Concha et al., 2016; 
Hareuveny et al., 2015; Lin et al., 2018; Tell and Kavet, 2016). More recently Lennerz et al. (2018) 
investigated whether electric cars would cause electromagnetic interference (EMI) which, in turn, 
would cause dysfunction in cardiac implantable electronic devices (CIED). They found that there was 
EMI but that it did not affect the CIED. Their tests did show that there were average fields of 
approximately 20 µT in the back seat of 12 models of electric cars. Close to the tires they found 
electric fields as high as 97 µT. These were similar to the electromagnetic fields found in trains and 
trams. 

Ding et al (2015) designed a homogenous adult phantom to simulate effects on human bodies from 
wireless charging systems of electric vehicles. They simulated a wireless charging system based on 
requirements from the industry, consisting of inductive coils and ferrite shielding. Their results 
showed that the magnetic flux density within the body was 0.46 µT and the maximum value for the 
electric field was 0.003V/m. These values are well below the general public limitation values set by 
ICNIRP. However, as mentioned previously both the European Parliament as well as two research 
organizations claims that the levels set by ICNIRP are not low enough (Carpenter and Sage, 2007; 
Parliamentary Assembly, 2011; Redazione, 2015). 

3.4.4.2. Trains and trams 
The WHO mentioned that the electromagnetic fields are higher in trains than in trams or subways. The 
electromagnetic fields vary within a train with maximum levels of 50 µT close to the floor. According 
to several studies (e.g. (Halgamuge et al., 2010; WHO, 2019)) EMF of subways and trams will not 
exceed the set limitations of the ICNIRP guidelines. Alternating magnetic fields will however, 
according to (Hamnerius, 2012) be generated from a railway that is loaded with 50 Hz resulting in 
exceeded limitations. If the railway or tram was to be powered with direct current (DC) instead it 
would yield DC magnetic fields which are less harmful to human health. There is to Hamnerius’s 
knowledge no evidence that DC fields would increase the risks for cancer. ERS solutions 
demonstrated in Sweden today are powered with DC. The concepts are much like trams as they are 
using voltage of 700-800V.  

In a study by Ptitzina and Ponzetto (Ptitsyna and Ponzetto, 2012) the electromagnetic fields in electric 
and hybrid cars vary during travel according to various sources within the car such as the use of air 
condition. The fields are also affected of how the vehicle is driven. Higher fields of EMF were 
measured during acceleration and regenerative braking. They furthermore concluded that most of the 
generated magnetic fields were in the lowest frequency range of 0.001-10 Hz, hence they only showed 
maximum levels of magnetic fields within this frequency range. In this range the MF was 500 μT for 
trams, trains were 120 μT and electric cars were 14 μT. Electromagnetic fields of trams, trains and 
electric cars were also investigated by (Halgamuge et al., 2010). Instead of looking at the maximum 
levels of magnetic field strength within an average frequency range, they focused on the investigating 
at which frequency the maximum levels of magnetic fields were emitted. The maximum of about 10 
μT were found at 50 Hz for trams and 15.25 - 16.50 Hz for trains, while the maximum of about 5 μT 
for electric or hybrid cars was found at 12 Hz.  

From the comprehensive review performed by the WHO the maximum magnetic fields in trains were 
50 μT, hence well below the maximum of 500 μT in the Ptitzyna and Ponzetto study. From this it 
seems that even though values are well below the limits of the guidelines by ICNIRP, there could be 
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peaks in different frequency fields that may be close to or above the limits. This also points to the 
difficulty of comparing different studies when they did not use the same method to measure. It is 
hence recommended to include some sort of standard way of measuring EMF in discussions of 
standardization of ERS.  

3.4.4.3. Comparing EMF of tramway and ERS 
To be able to understand how EMF could affect humans it is appealing to compare the electromagnetic 
fields generated in tramways with the ones generated from ERS. The size of the EMF will depend on 
the electrical current coming from the electrical cable, the distance to the engine and the grounding 
cable. The current will create a circuit from the power supply to the engine and back to the end of the 
rail. For tramways the size of this field will be very large as the rails are used for earthing. If only 
regarding the tramway the field will pass from the overhead pantograph, through the cart and down to 
the earthing rail and back. For the catenary ERS solution the current from the pantograph will go from 
the pantograph on top of the truck and down to the engine and back to the earthing cable also on top of 
the truck. This field will be much smaller than that of the tramway cart and it will possibly not pass 
through the driver cabin. In the ERS with rails this current will enter underneath of the vehicle and go 
into the engine and back down again creating an even smaller field.  

The expected exposure of EMF to humans will hence also depend on the size of the field and the 
distance that people can be kept from it.   

3.4.5. Electromagnetic fields in ERS 
The EMF to be expected from ERS should be within the extremely low frequency fields, as ERS 
includes electric engines as well as components such as overhead lines or rails, such that can be found 
in trains or tramways. The installation of a complete ERS system will, however, include payment 
solutions where some sort of wireless communication via radiofrequencies most likely will be needed.  

The risks of EMF induced health issues from introducing ERS would hence come from RF as well as 
ELF EMF.  

Depending on type of ERS the EMF could come from either the overhead lines, the rails or the 
underground induced EMF. Antennae for communication and payment systems will induce other EMF 
and the vehicles themselves will induce additional EMF.  

The conclusions from the WHO was that there was no evidence that exposure to low emissions of 
EMF was harmful to humans. Introducing ERS is however a long-term solution and truck drivers will 
be the foremost users of the ERS, at least in Sweden. The EMF shields inside the vehicles should 
therefore be of extra importance.  

Apart from impacts of magnetic field emissions on human health a comprehensive study of electrical 
roads in England (Highways England, 2015) also mentioned impact of magnetic field emissions on 
vehicle safety systems. As a safety precaution they even required suppliers to provide test information 
about how their vehicles are protected against intense alternating magnetic fields.  

3.4.6. Electromagnetic fields from the demonstration sites in Sweden 
The eRoad Arlanda project (Berglund et al., 2018) have performed EMF measurements with 
frequencies of 0-500Hz (ELF) and conclude that the measured values were below the Swedish 
standard SSMFS 2008:18. The EMF in the upper part of this spectrum is, however, very close to the 
set limits. When investigating for EMI (electromagnetic interference) there were also peaks that were 
above the limits of EMI, which could cause disturbances in other electric devices.  

As for the eHighway project on E16, there are no results from EMF and EMC measurements 
available. They do, however, in their report mention that their system follows a set of international 
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standards, for instance the EN 50122 and the ISO 6469-3 which considers the safety of people when it 
comes to avoiding electric chocks from road and rail vehicles and the standards EN 50293 or DIN EN 
50293 regarding electromagnetic compatibility of traffic signs and signalling systems such as 
Intelligent transportation systems (ITS). There is nothing regarding EMF and the limits that are set for 
human health reasons covered in the Swedish standard SSMFS 2008:18. 

As described previously there are organizations that are prompting for stricter regulations for EMF 
limits and the same signals seem to come from the EU parliament as well (Carpenter and Sage, 2007; 
European Parliament, 2013; Redazione, 2015). Hence, to leave it at keeping EMF levels of the ERS 
techniques right below recommended levels, that already seem to be too high, could be a costly matter 
in the end.  

3.5. EMC 
Electromagnetic compatibility, EMC is the concept that makes sure that electronics or electrical 
devices can operate in close proximity to each other without interfering. Basically, the EMC makes 
sure that the electromagnetic environment is not affected in such a way that it would impact the 
functionality of other devices. There are EMC standards and methods to make sure that all electronic 
devices are within standard emission limits (Electronics-notes.com, 2019), meaning that they do not 
emit more electromagnetic radiation than set limits.  

The International Committee on Radio Frequency Interference (CISPR) has set the limits for EMC 
standards, hence those limits are foremost set to protect radio frequencies. Other electromagnetic 
interferences are however also discussed in the subcommittees of CISPR.  

To be able to develop a device or technology that should function in such environment where the 
emissions follow standards for radio frequencies it will be necessary to have some sort of inbuilt 
immunity within the device to make the radio transmitters less vulnerable to EMC-emissions. Other 
means of protection from unwanted electromagnetic signals such as EMI (electromagnetic 
interference) is to use EMI-shields often composed from carbon composites (Chung, 2001). It is, 
however, important to mention that such shields are often the last way out and often tend to be a very 
costly solution. The most cost-efficient way is to consider EMC emissions in the development stage 
and thereby produce products with good circuit designs.  

3.5.1. EMC in ERS 
Each type of ERS technology would of course also need to follow the EMC standards but there could 
be unforeseen signals from the use of such a large-scale system, the size of the railway system. When 
it comes to standards, it is important to analyze the standard in terms of what it originally was intended 
to be used for. Take for instance the example of optimizers for solar panels. They use the generic EMC 
standard for CE-marking but since the standard does not include DC (Direct Current) the optimizers 
might not fulfill the requirements in the standard. Other examples come from the use of several 
devices in a module where each device would reach the requirement on their own but when put 
together, the emissions would exceed the limits of the standard requirements. 

In the railway systems there have been reports of disturbances when trains for some reason have to put 
in extra effort, in for instance up a hillslope (Morant et al., 2012), along rails that are damaged etc. 
Studies on trains have shown that such interference could cause the signalling system to malfunction 
and in worst case cause collision.  

In regards of the ERS rail solution these effects might appear and could affect the ERS in such a way 
that communication between the vehicle and the road could be malfunctioning, ending up in no 
transfer of energy or identification of the vehicle etc.  
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Unforeseen signals could occur during arching or possibly in the on or off connection with the 
conductive solutions. There is, however, a lack of knowledge in these aspects of the ERS since the 
concept of ERS is new and none of the ERS technologies has yet been tested in full scale. Further 
research is needed to understand where and how unwanted signals could appear as well as how they 
might interfere with other vehicles or equipment along the roads.  

According to Morant et al (2012), electromagnetic disturbance stands for about 70% of all failures in 
the railway system. There could hence be an increased risk of malfunctioning information systems 
also within ERS, hence inventories regarding crucial information services along ERS potential roads 
are needed to understand how and what effect EMC emissions could have on the road safety.   

3.5.2. EMI tests of ERS 
Lindgren (Lindgren, 2015) tested EMI on one conductive ERS technique and found that EMI 
emissions would fulfill the requirements of EN 50121-2, but are just on the limits for fulfilling the 
CISPR 12. They could not find any alarming EMI levels below 10 MHz.  

They also tested ERS short circuit through a tire and found that short circuit would only damage the 
tire locally unless it generated a fire inside of the pressurized tire. They, furthermore, suggested that if 
the tire was filled with flammable substances from canned tire inflators there could be risks for 
hazardous situations. Such effects could not be safely tested in their laboratory but should be further 
investigated in terms of large-scale implementations of ERS.  

Kanz et al. (Kanz et al., 2004) found that some of the advisory system models of automated external 
defibrillators (AED) often found in public places, such as for instance train stations, are vulnerable to 
EMI, especially that generated from electric cables with 15 kV and 16 2/3 Hz AC. These advisory 
systems are crucial as they give simple audio and visual commands to help the person that uses it. The 
interference is however, minimized if the person in need of defibrillator is positioned parallel to the 
overhead line, and the electrode cables are perpendicular to the overhead line.  

For the case of ERS, the power in the overhead cables will not be more than 800V and use DC rather 
than AC, hence the interference might not be a question for concern. It is, however, important to 
consider and be aware of the risks. There could be a need for further investigations regarding such 
interference with other important electrical devices.  
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4. ERS and the impact on the landscape and nature 
The landscape is an important part of our perception of our environment and nature. In large 
infrastructure projects, the assessment of the landscape may hence be included already in the planning 
phase of the project. 

The comprehensive method used in Sweden analyses many different aspects and includes background 
information studies, map studies, interviews and field visits. The landscape is characterized in terms of 
landforms, topography, reliefs, geological direction, rock types, soil types and hydrology. The spatial 
context is also considered where the openness of the landscape is included as well as types and density 
of vegetation. Additionally, land use parameters are included and current infrastructure, movement 
patterns and functional connections. It is important to consider significant landmarks, the history of the 
area and to register and contemplate about effects on ecosystems. One important part of this is to 
consider people’s connection with the use of the landscape for instance significant ecosystem services 
and cultural references such as places known from literature. A comprehensive method description is 
found in (Noborn et al., 2018). 

Since the ERS are supposed to be implemented on already existing roads the assessment of the 
landscape will possibly only be important for the case of the catenary/overhead technology. The large 
support masts, that are installed about every 50 meters, and their connected wiring, are posing a huge 
impact on the perception of the landscape both at a distance as well as when driving underneath them.  

Figure 3. Driving along the E16 close to Sandviken, Sweden. Photo: Lina Nordin. 

According the STA document that regulates how streets and roads should be designed and constructed 
(STA, 2015) it is important to keep the landscape intact. This means both in terms of visual 
fragmentation of the landscape but also regarding hydrological aspects. In the case with the overhead 
catenary technology, as the one shown in figure 3, there will be a visual fragmentation especially in 
open areas. The cables could also pose risks for bats and birds as described in section 4.4.2. 

The catenary solution could also pose a safety risk on particular road stretches, where a curvature of 
the road could disturb the free view of the road (Figure 4).  
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Figure 4. Potential safety risk as the direct view of the driver could be obstructed. Photo: Lina Nordin. 

This is also important to consider during the planning phase of where to install the support masts of 
this type of technology.  

The implementation of ERS will, regardless of technology, need to claim extra land for service areas, 
wiring and drainage, switchyard, transformer stations etc. To understand how much extra land that is 
needed, a Geographical information system (GIS) could be used. A preliminary study was done by 
two students from the University of Gothenburg (Johnsson and Strömberg, 2019). They made a GIS 
model for comparing the suitability of different road stretches in terms of implementing ERS with the 
catenary technology as well as with the rail technology. The study was preliminary and further 
developments are needed to be able to use the model for the purpose of truly comparing between 
different technologies or areas.  

Strömberg and Johnsson included a distance calculation to the nearest road from the ERS road. 
Parallel roads or adjacent roads could be used for maintenance personnel if the technology for some 
reason would need extra service. If the model was to include information about landownership, it 
should be possible to estimate how much extra land the STA will have to claim, in order to realize a 
full-scale deployment of ERS. 

4.1. How much extra land will be needed? 
The Swedish national roads are run under the administration of the STA. The STA and their 
contractors are responsible and have the right to use the land that includes the road and road area as 
well as an additional two meters. In areas with safety zones the additional area can be extended up to 
14 meters. In areas where the STA does not have safety zones such extra land will have to be 
expropriated according to the law of expropriation with 25% of the market value of the property 
(Swedish Transport Administration, 2012).  
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The road area is defined as the road, the side verge, both slopes of the adjacent ditch and, if present, 
the hard edge on the other side of the ditch. Ducts, pipes and wiring put in the road direction needs to 
be placed in the slope foot or the outer slope of the ditch. If placed at the bottom of a ditch, the wiring 
needs to be laid at a depth of least 0.55 m (Zetterberg, 2017). Zetterberg also mentions that wiring 
cabinets, switchyard and transformer stations should be placed outside of the road area.  

It is therefore possible for the STA to use the extra two meters outside of the road area to place such 
equipment like wiring cabinets and transformer stations. The question is whether these constructions 
are that small. The transformer stations of the ERS project along E16 in Sweden were at least 2,5 
meters wide. With the current design of the building it would not fit within the extra two meters of a 
regular roadside area. However, if the ERS would be installed along a road with safety zones, which is 
most likely, this will possibly not pose any extra expropriation. This is however an important 
parameter to considering when planning for placement of ERS road stretches.  

The switchboxes (switchyards) and wiring cabinets of the rail solutions will most likely fit into the 
additional 2 meters.  
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5. Discussion and conclusion 
The discussions are divided into the different types of environmental impact or effects analysed with a 
summarizing concluding remark at the end of the section.  

5.1. Energy and use of resources  
The basic concept of ERS is to supply energy to vehicles. In doing so there will be need for good 
conductors as well as good isolators and shields. The materials that are used in the various ERS 
technologies will hence need to have the same kind of characteristics and will most likely be the same 
in each of the ERS concepts. It will instead be the amount of materials used, as well as the wear and 
tear of the components of the system, that will be important to consider when comparing between ERS 
concepts.  

This project set out to investigate environmental aspects of ERS, but the amount and types of materials 
used in each separate ERS concept is needed to be able to come to a fair conclusion regarding the 
differences between them. It is common to use life cycle assessment (LCA) methods in comparing 
between concepts. Such methods are very comprehensive and investigates the environmental impact 
that each product or concept will have from the production of the materials used in the concept to the 
use and maintenance of the concept and finally the end-of-life phase. There are a few LCA studies 
performed on ERS, but since the concepts are so new to the market it is difficult to get a good analysis 
regarding energy use of everyday maintenance as well as wear of the materials during a full 
deployment of the concept.  

It was furthermore difficult to retrieve information from the demonstration projects as both are 
continuously developing and improving their respective technologies, hence, the difficulty of getting a 
good comparison of the concepts.   

5.2. Emissions of air pollutants (PM2,5 and PM10) 
Electric road technologies contribute to emissions of PM10 particles in three different ways 1) the 
contact between the electric current collector and the conductor, 2) brakes and other moving parts, 3) 
tires and road surface. 

The pantograph and wire are worn from vehicles using the system and small particles mainly from 
iron are emitted. From studies on railway and in subways it is shown that the largest concentrations of 
particulate matter are found in closed areas such as in subways or in train stations. This implicates that 
the effects might not be substantial in open rural areas where the air is circulated.   

Particulate matter coming from the contact between the current collector and the in-road rail is 
unknown and measurements are required.  

An obvious difference from conventional roads and vehicles is that there are no exhaust particles from 
the combustion in electric vehicles. The effects on the particle emissions (PM10 and PM 2.5) are 
however unclear as the successively improved particle filters used in cars in recent years have reduced 
the exhaust related particles from conventional vehicles. Measurements are needed to be able to 
compare particles from combustion motor vehicles and electric vehicles in the same road environment.  

Particulate emission from brakes, tyres, and road surfaces of ERS correlates with the weight of the 
vehicles and are therefore thought to be similar to conventional combustion vehicles.  

Emissions of particles will depend on the characteristics of the materials used. If materials are more 
prone to wear and tear more particles could form. It is difficult to compare between different ERS 
concepts when there is little information about the materials used. Measurements are needed to fully 
understand what type and how much particles are to be expected. This can be done on the test sites 
under similar test procedures. 
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One important part to consider when comparing different conductive technologies are the distribution 
of the particles to the ambient environment. Will particles from the overhead catenary solution be 
more widespread due to wind dispersion? Or will turbulence from passing vehicles be the most crucial 
part in spreading particles to the environment?    

Either way, all emissions from combustion engines, both greenhouse gases and particles will be 
reduced with the introduction of ERS. The inductive technology will however not create any airborne 
particles other than what comes from the regular wear and tear of tyres and the road.  

5.3. Noise 
Generally, when discussing noise issues and electrical vehicles the noises are reduced at velocities up 
to 50 km/h. At higher speeds, the noise from the interaction between tyres and the road will drown out 
the noise of the engine, hence there will be no difference between combustion engines and electrical 
engines at speeds over 50 km/h.  

For conductive ERS, there will be occasions where arcing appears. Arcing is the lightening sensation 
when the contact between the current collector and the power supply cable or rail is interrupted. Such 
arcing will make a loud noise, depending on the strength of the electrical charge.  

It is difficult to know how often such arcing will occur and hence how often such noise will be 
apparent.  

Noises from the interaction of the sliding contact between the current collector and the cable or rail is 
also difficult to estimate. Some measurements have been made within each demonstration project, but 
the methods used are not comparable with each other and should be done by some independent party.  

When it comes to the work environment of truck drivers it is also important to consider the noises 
within the cabin of their truck. It is however apparent from discussions with the test drivers of 
eHighway in Gävle that the noises are reduced within the cabin when the truck is connected to the 
ERS. The driver also mentioned that there is an apparent reduction in vibrations when driving on 
electricity as compared to when the combustion engine is used.   

Again, the noise should be even more reduced if using the inductive concept of ERS since there will 
be no sliding of current collectors. It is, however, important to remember that transverse joints from 
connecting cables, used for the in-road technologies, could cause thumping noise emissions to the 
surrounding environment when vehicles are driving over them.  

5.4. EMF 
The emissions of EMF will differ between the different concepts depending on how much power that 
is put into the system. However, each technology is constantly improving and the differences between 
these systems in terms of EMF emissions could in the end be insignificant. The risks of interfering 
with other equipment is however increased if there are unexpected emissions of EMF from the system. 
Such unexpected emissions could for instance be those from arcing. Arcing will apart from increasing 
the wear of the wire and carbon strips, also cause EMF that could reach much higher frequencies than 
what is expected during standard operation. Arcing will only occur in conductive technologies, with an 
increase in winter during temperatures below zero. Hence the risks of having unexpected EMF 
emissions are greater for the conductive technologies.  

The distance from the source is furthermore important when discussing EMF. This will be different 
between the different concepts. The electrical fields are always present within the electric parts such as 
cables etc. Humans can be protected from such fields by shielding materials, such as walls, trees or 
soil. Cables that are put in the ground will hence not emit as strong fields as would overhead cables.  
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It is, however, unclear as to whether inductive technologies will be different since it depends on 
sending electrical charges from beneath the road surface. Further investigations are needed. Preferably 
done in the same manner between all different ERS test-sites, to be able to compare between different 
concepts.  

When preparing for implementing ERS it is hence of importance to consider different kinds of 
shielding for people living close to the electric road or to plan for ERS at safe distances from 
dwellings.  As described by the European Parliamentary Assembly, the present limits for relay 
antennae should be reduced and follow the ALARA principles (as low as reasonably achievable) and 
all antennae should be continuously and comprehensively monitored (Parliamentary Assembly, 2011).  

The vehicles themselves should be constructed in such a way that drivers are shielded from EMF. It is 
however difficult to shield magnetic fields as they will only diminish with distance from the source. 
When the vehicles are not connected to the road there will not be any magnetic fields, hence people 
living nearby will only be affected if someone is charging their vehicles from the ERS.  

To be able to communicate with the vehicles and power systems as well as business models included 
in the ERS the need for WIFI or mobile communication will be evident. It seems, however, as if plants 
are more susceptible to EMF induced from WIFI. Migrating animals and insects, bats, birds and fish 
are furthermore affected by EMF and special investigations and precautions are therefore needed to 
understand and eliminate the risks of EMF from the whole electric roads system including WIFI 
communication.  

It will be important to investigate and analyze EMC standards which are to be used in ERS as there are 
risks when trying to use existing standards without considering the system, which the standard was 
originally intended to be used for.  

There is furthermore a lack of standards optimized for the inductive ERS technologies. If standards 
that are intended for conductive transfer is used instead, the inductive ERS could uphold the standard 
but might not reach the requirements at system level. It is furthermore important to consider such 
issues early in the development stage to limit the risks of increased costs if it e.g. later turns out that 
EMI shielding would be needed.  

5.5. Comparison between different ERS technologies 
To compare the impact on emissions of particulate matter that each respective ERS concept could 
have, the occurrence of various aspects is estimated in table 2, where white is no or little impact/risk, 
and grey is high impact/risk.  

Table 2. Impact assessment of various aspects affecting emissions. 
Aspect that 
could lead to 
increased 
emissions 

Conductive 
Catenary 

Conductive 
rail on road 

Conductive 
rail in road 

Inductive ICE V Battery EV 
Heavy duty 

Weight of 
vehicle   

Batteries + 
Pick-up: 
1000kg more 
than Hybrid 
truck.*  

Battery: 600kg+  
 
Pick-up: 70 kg  

Battery: 600 kg 
  
Pick-up and 
electric system: 
1000 kg**  

Battery: 600 
kg 
 
Pick-up: No 
information 
 
  

Engine, 
transmission, 
fuel system 
and exhaust 
hardware: 
3000kg.  

100 – 300 
kWh  
 
Battery:  
1250kg – 
6100kg*** 

Contact wear 
from tyres 
and road 
surface 
Non metal 
particles   

Less than ICE 
V 

Less than ICE 
V 

Less than ICE 
V 

Less than ICE 
V 

Yes Yes - 
Increased 
wear from the 
heavier 
vehicles.  
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Aspect that 
could lead to 
increased 
emissions 

Conductive 
Catenary 

Conductive 
rail on road 

Conductive 
rail in road 

Inductive ICE V Battery EV 
Heavy duty 

Contact wear 
of brakes and 
other moving 
parts  
Metal 
particles 
  

Lower during 
engine brakes 
and 
regenerative 
braking 

Lower during 
engine brakes 
and 
regenerative 
braking 

Lower during 
engine brakes 
and 
regenerative 
braking 

Lower during 
engine brakes 
and 
regenerative 
braking 
dependent on 
weight 

Yes Lower during 
engine brakes 
and 
regenerative 
braking 
dependent on 
weight 

Current 
collector and 
wire  
Metal 
particles  

Yes Yes Yes No No No 

Particles from 
combustion 
and tailpipe  

No No No No Yes No 

* (Region Gävleborg, 2015)  
** (eRoadArlanda, 2017) 
*** (Earl et al., 2018) 
+ ERS Vehicle Batteries are assumed to weigh 600 kg, same as the truck used in the eRoad Arlanda project, where no 
other information was found.  
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