











3 Europe implements distance-based

road user charging

3.1 A European trend

The quickly growing transport sector in the EU
increases the need for road investments and main-
tenance. The problems of congestion and particle
emissions are also pronounced in many areas.
Distance-based road user charging could generate
a fairer and more correct levying of taxes and serve
as an incentive for increased transport efficiency
and reduced environmental impact. At present in
Europe, heavy goods vehicles drive throughout the
entire Union, but often only pay tax in the country of
vehicle registration and where they purchase fuel.
Many countries are considering implementing a ki-
lometre tax to create a fairer tax system. The figure
shows where kilometre tax is already in place and
where it is planned.
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Figure 2: An overview of European development
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3.2 The goals of kilometre tax
systems already in operation

When the ARENA project was started in April 2006,
kilometre tax (or distance-based road user charging)
was in place in Switzerland, Austria and Germany.
At the start of 2007, the Czech Republic also intro-
duced kilometre taxation. The purpose behind intro-
ducing the tax varies by country.

e Switzerland, which taxes heavy goods vehicles
on the entire road network, aims to limit growth
of goods transport by road and its environmental
impact as a means of protecting the environment
of the Alps. There is an expressed aim of building
railway tunnels since some of the income serves
to fund a large railway project.

e Austria, which levies a toll on motorways,
focuses on maintenance and expansion of the
motorway network.

e Germany, which levies a toll on the motorway
network, aims to collect funds for maintaining
and constructing the road network, develop
combined transport and reduce environmental
impact.

e (Czech Republic, which levies a toll on motor-
ways and plans to apply the toll to the entire road
network, aims to reduce transit traffic and collect
funds for maintaining the road network.

A more detailed compilation of systems and rea-
sons is available from SIKA™.

0 siKkA Report 2007:2, “Kilometerskatt for lastbilar”. section 6



3.3 Experiences from abroad

Experiences from the countries that have imple-
mented distance-based road user charging indicate
a clear connection between the effects and the de-
sign of the tax systems. It is therefore important to
evaluate the political goals when introducing such
taxes.

Many studies have been conducted to analyse the
effects of the new tax systems in Switzerland, Aus-
tria, Germany and the Czech Republic''. A general
conclusion is that the new tax systems contribute
to increased efficiency. The load factor in the vehi-
cle has increased and logistics systems have been
further developed. In Switzerland and Germany,
where the tax varies based on the vehicle’s environ-
mental class, there was a market adaptation of the
vehicle fleet to more vehicles of a higher environ-
mental class (which reduces costs for the hauliers).
The compilation of the vehicle fleet has also been
adapted to the transport need to a greater degree.
In general, little to very little effect has been seen to
transport cost and production™. In Germany, stud-
ies show a 0.15% increase in consumer prices as
the result of the kilometre tax and the cost for trans-
porting by road increased an average of 5-7%.

3.4 Impact on Swedish
hauliers

A Swedish interview study shows that a kilometre
tax in Sweden would increase costs for transporting
by road by 6-10% for Swedish hauliers'. The tax
levels used in the calculations are based on those
suggested by SIKA™. According to the EU directive,
the current Eurovignette toll must be eliminated
upon introduction of a kilometre tax. This has been
included in the calculation along with the presump-
tion that vehicle tax for heavy goods vehicles will

be lowered to EU’s minimum level and the entire
Swedish road network will be kilometre-taxed. The
interviews show that the haulage companies will

try to pass the increased transport costs onto the
customers. At the same time, some feel it is pos-
sible to improve efficiency in the industry, particularly
through co-operation between different haulage
companies and improved co-operation with the
customer. The study also shows that a kilometre
tax would reduce some of the competitive advan-
tage held by foreign vehicles. Foreign vehicles
(particularly those from the east) have a relatively
low tax level (vehicles tax and tax on labour). The
introduction of a kilometre tax would be a greater
total increase (as measured in percentage) for these
vehicles than for Swedish vehicles. The hauliers
interviewed felt it was important not to distort com-
petition. Harmonisation with the rest of the EU is
important as well as control being effective so that
tax evaders are actually caught. Otherwise, it will be
difficult for a new kilometre tax to gain acceptance.

M Kallstrém Lars., East West Report. “East West Transport Corridor — final report WP2”

12 Transport & Environment, “A price worth paying_v2”

13 Kallstrom Lars., East West Report. “East West Transport Corridor — final report WP2”
14 Forss, M och Ramstedt, L., East West Report. “A kilometre tax for Heavy Goods Vehicles — impact on the Swedish haulier industry”

5 sIKA Report 2007:2 “Kilometerskatt for lastbilar”



3.5 The European framework

There are two European directives that are im-
portant with respect to distance-based road user
charging. The directive on the charging of heavy
goods vehicles for the use of certain infrastruc-
tures, also known as the “Eurovignette Directive”
(2006/38/EC) replaces directive (1999/62/EC),
which built a framework for the implementation of
road use charging. According to the revised direc-
tive, it is now permissible to implement tolls on the
entire road network and levy tolls on vehicles with a
total weight of 3.5 tonnes or more. The requirement
that revenue must be directed to the road sector
has been eliminated.

Directive 2004/52/EC on the interoperability of
electronic road toll systems in the Community (EFC
directive)'® aims for standardisation so that one ve-
hicle unit can be used in all electronic toll systems
within the EU. The directive defines the “European
Electronic Toll Service” (EETS), which shall supple-
ment any national road tolls in member states to en-
sure interoperability regarding technology, contracts
and processes. The goal is for payment for road us-
age to be possible using the same on board equip-
ment (OBE), same contract and result in a single,
common invoice regardless where the haulier drives

6 EFC stands for Electronic Fee Collection
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in Europe. To do so, the technical systems must
fulfil a number of European standard requirements,
the organisations that provide the service must
satisfy a number of quality requirements and there
must be agreements between these stakeholders
that can be compared to the roaming agreements
between mobile operators.

The directive also specifies that all new distance-
based road user charging systems put into opera-
tion after 1 January 2007 must have one or more of
the following technologies:

a) Satellite positioning (GNSS/GPS)
b) Mobile communication via GSM/GPRS
c) 5.8 GHz microwave technology (DSRC)

It is recommended that the new electronic fee col-
lection system use satellite positioning and mobile
communication, i.e. a combination of (a) and ().
Many member states have a national road toll sys-
tem in place. These countries must ensure that they
are able to offer the EETS service to all heavy goods
vehicles within three years of the directive coming
into force entirely.



4 A possible Swedish system for kilometre

taxation

The development of a possible Swedish solution for
a kilometre tax system for heavy goods vehicles fol-
lows several stages, the first of which is developing
a conceptual systems design. We have decided to
use the term conceptual in order to underline that
the solution shall be generic rather than specific, in
the sense that it should be possible to implement
the result in several ways. Hence, we are trying to
define the system independently from its final tech-
nical design. The motivation for this is that the time
horizon for realisation is far ahead, 3-6 years, and
we can expect considerable changes in technical
preconditions over this period. The text in this sec-
tion is a summary of ARENA REPORT 2008:2,
2008:3, 2008:4 and 2008:5. The terminology used
is taken from the work currently underway by the
EU Commission.

4.1 Requirements of a Swedish
kilometre tax system

During conceptual development, we have given
consideration to requirements and preconditions
that we know of or anticipate. These requirements
are divided as follows:

System requirements from legislators

User requirements

Requirements relating to safety and reliability
Requirements from supplementary services
Requirement for interoperability
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The requirements that are key to the concept de-

sign are:

1. A system that makes it possible to levy tax

throughout the entire road network

A system that allows differentiation as regards

road characteristics

A system that allows differentiation of static and

dynamic vehicle properties

4. A system that is interoperable with the coming
EETS service (see section 3.5)

2.

3.

These requirements serve as the basis of the con-
cept design, which is summarised below.

4.2 System overview

The ARENA project describes a kilometre tax from
two perspectives — a functional perspective to de-
fine a system according to “how it looks” and a
stakeholder perspective to define “who does what”.
These perspectives are correlated, which means
that the selected functional solution will impact

the roles and division of responsibilities among the
stakeholders and vice versa.



Collect
Kilometre
Tax

| Transport Service Claim |

Tax |
Authority User

Payment Payment order

Perform
Payment

Figure 3 Overview diagram: System limitations and overarching architecture

Figure 3 shows a kilometre tax system in its context,  ter process will be defined through the European
defined as a function. The system handles the proc-  Electronic Toll Service (EETS). Accordingly, concept
esses needed to enable a user (or customer) to cor-  development in ARENA focuses on the “Collect
rectly pay tax. The tax authority provides a transport  Kilometre Tax” function, which involves measuring,

service and collects a kilometre tax for this. This calculating and supplying all information needed to
results in a claim to the user, who makes payment pay the correct tax. The function also ensures that
to the tax authority. the tax is correctly paid.

The concept is limited to tax levying within the bor-
The two main functions “Collect Kilometre Tax” and ders of Sweden. How Swedish vehicles pay road
“Perform Payment” are separated. The first func- tolls in foreign road user charging systems is out-
tion is handled by the kilometre tax system while side the scope of this project. This must be handled
the other process uses established services in bank  within the European Electronic Toll Service (EETS).
and financing systems. Important parts of the lat-
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4.3 Payment process

The ARENA concept is based on:

e \/ehicles subject to kilometre tax having specific
vehicle equipment for this purpose —OBE (On
board Equipment).

e The OBE continually registering the vehicle’s po-
sition and time (which is supported by, for exam-
ple, GNSS) in a protected memory card.

e Use of an OBE is mandatory, but the system
must offer an emergency solution if, for example,
the OBE stop working.

The three most important stakeholders in the kilo-
metre tax system are the User, who pays for road
usage, the Toll Charger (TC)'", which levies the tax
(e.g. the Swedish Tax Authority) and the Toll Serv-
ice Provider (TSP), which serves as the middleman
between these two stakeholders and also supplies
system functions and equipment®. In addition,
there may be organisations that offer a European
Electronic Toll Service (EETS) that can be used to
pay kilometre tax in Sweden. In its most developed
form, there could be several competing Toll Service
Providers (TSP) operating in Sweden.

The payment process can be described as follows:

1. Position with a time stamp is continually
registered and sent to a Toll Service Pro-
vider (TSP) regularly. A compilation of the in-
formation registered in the vehicle, including dy-
namic data (such as connected trailer) is sent to
the Toll Service Provider when special conditions
are fulfilled (such as time restrictions, certain dis-

17 Definition of Toll Charger as per CESARE llI+IV projects

"8 This role is best described as EETS Provider as per CESARE Ill+Vprojects
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tance driven, etc.). The system can, for example,
use mobile communication for this purpose. The
Toll Service Provider can be approved for the
EETS service or operate nationally only.

. Receipt for transmitted information saved in

the vehicle. A receipt is generated by the OBE,
saved and transmitted. The recipient (Toll Service
Provider) sends a receipt to the OBE to confirm
delivery.

. The Toll Service Provider translates the re-

ceived information into a route declaration.
The Toll Service Provider translates the data
received into a road description through map
matching. The road description along with static
and any dynamic vehicle data are compiled into
a route declaration, which follows the principles
laid out by the Toll Charger.

. The route declaration is sent to the Toll

Charger.

. Tax is calculated by the Toll Charger. The tax

calculation is based on the route declaration.

. The Toll Charger sends a tax claim to the

Toll Service Provider.

. The Toll Service Provider pays the Toll

Charger. The claim is verified and payment is
made following the agreed payment guarantee.

. The Toll Service Provider invoices the cus-

tomer (User). The Toll Service Provider adds the
tax claim to the customer’s invoice as per their
agreement.

. The User pays the invoice from the Toll

Service Provider.



4.4 Functions of the concept

The process described in the nine steps above

can be translated into a number of functions that
together form the overarching function “Collect Kilo-
metre Tax” discussed earlier:

1. Establish User Contract

2. Register Track Data (route and time)

3. Charge Payment (tax calculation and payment)
4. Compliance Control

The ARENA concept presents two parallel services
to carry out payment in a Swedish kilometre tax
system. One is a national service that only works
within the borders of Sweden'®. The other is the
European Electronic Toll Service (EETS), which is
required as per the EFC directive (see section 3).
EETS is neither fully specified nor implemented at
present. It is also likely that it will be different in dif-
ferent countries since it must be adapted to local
tax systems and procedures linked to such. The
ARENA concept includes and gives consideration to
actual requirements and procedures agreed at the
European level thus far.

A contract is established (Function 1) between the
User (vehicle owner, linked to a specific vehicle) and
a Toll Service Provider, which can be a Swedish
organisation (private or public) that only offers its
services within the borders of Sweden or an organi-
sation that operates throughout Europe and offers
the European Electronic Toll Service (EETS) in
countries including Sweden. When the contract

is signed, the User receives an OBE from the Toll
Service Provider. This OBE is linked to the User’s
identity in a clear and manipulation-proof manner.

" There are no technical limitations to this service working abroad
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Depending on which Toll Service Provider is chosen,
the OBE can either be used throughout Europe
(EETS) or can only be used in Sweden. The contract
specifies vehicle properties and other User informa-
tion that is used for tax calculation and defines the
payment terms between the User and Toll Service
Provider.

During driving, the OBE continually reports the track
positions (Function 2) and transmits this informa-
tion for processing in Function 3, Charge Payment.
Here, there is a determination as to whether a ve-
hicle that has reported its route is liable to pay tax.
This determination is based on the distance driven
and the user information in the contract.

The function also considers possible deductions or
surcharges based on vehicle properties, previous
registrations and payments made. The Swedish
organisation appointed as Toll Charger (TC), pos-
sibly the Swedish Tax Authority, supplies applicable
tariff information to each Toll Service Provider (TSP).

The Toll Charger sends an invoice to the Toll Service
Provider or to a provider of the European Electronic
Toll Service (EETS). This provider forwards the claim
to the User.

Compliance Control (Function 4) consists of several
functions. For example, there is a real-time check
that the OBE is operational, a check that the infor-
mation reported by the OBE is correct and that the
positioning unit provides correct information. Com-
pliance Control also includes a function to check
that the tax calculation is correct. This is also used
for other sources (such as tachometers) for feasibil-
ity assessments.



4.5 Compliance control

Compliance control is the key to successful imple-
mentation of kilometre tax system in Sweden. A well
designed control system is cost effective, ensures
user integrity and serves as the basis for user ac-
ceptance.

A control system based on physical installations

throughout the entire taxed road network (like in

Germany, Austria and the Czech Repubilic) is too

expensive in relation to the anticipated income® of a

Swedish system. The Swedish road network is too

large for control to be based on this type of road

installation.

Based on the idea that control of correct kilometre

tax levy should be on par with control of other taxes

in Sweden, ARENA suggests the following strategy?':

e Focus on control mechanisms related to busi-
ness processes, which means more intelligence
and less hardware (compare with Swedish
Customs’ Service Steps strategy??)

e Add more control responsibility to Toll Service
Provider (TSP) through contractual relationships
between the User and the Toll Service Provider.

e Appoint a supervisory authority for roadside
checks with the powers required to stop vehicles.

A summary of the control measures suggested by
the ARENA project follows.

A mandatory OBE makes the vehicle known by
the Toll Charger (TC)

Vehicles in the Swedish vehicle register with suitable
vehicle characteristics will be automatically linked to
the kilometre tax system through the OBE. Foreign
vehicles will be required to use an approved OBE.
These factors together mean that the Toll Charger
(TC) will at any point in time know which vehicles
are liable to pay the tax.

20 ARENA REPORT 2008:11., “PM kring kostnadsberakning”
21 ARENA REPORT 2008:4., “ARENA Control Concept”

Border registration

The Toll Charger (TC) registers the number plates

of all heavy goods vehicles that enter and leave the
country with the help of cameras at the borders.
This means that the Toll Charger at any point in time
know which vehicles are expected to submit a route
declaration. The project anticipates registration via
video and that this project can be co-ordinated with
Customs. It should also be possible to co-ordinate
with Finnish Customs, which already conducts this
type of border registration for all vehicles.

The Toll Charger (TC) requires a route
declaration

When a vehicle is about to leave the country, the Toll
Charger (TC) requires a final route declaration upon
border crossing. If this is not done within a certain
time period, the vehicle is blacklisted. The next time
the vehicle enters Sweden, the authorities are noti-
fied that a “tax dodger” is on the roads.

The Toll Charger (TC) checks the Toll Service
Provider (TSP)

The Toll Charger (TC) focuses its checks on the

Toll Service Providers operating in Sweden. This
includes both national Toll Service Providers and
providers of the European Electronic Toll Service
(EETS). Certain basic requirements must be ful-
filled in order to become a Toll Service Provider in
Sweden?. Any Toll Service Provider who wants to
operate in Sweden must provide detailed informa-
tion on its system and services before the company
is approved based on the guidelines established for
the EU.

22 Service Steps - a strategy developed by Swedish Customs to reduce customs cost and ensure a safe and efficient flow of goods

23 Requirements for certification as an EETS provider will be governed by EU legislation



The Toll Service Provider must provide consist-
ent and complete declaration

Each Toll Service Provider will be responsible for all
route declarations as well as ensuring that they fulfil
all requirements and that there are no “holes” in the
declaration of the distance driven. If the Toll Service
Provider finds that a vehicle/driver intentionally pro-
vides false information, it must further investigate or
inform the Toll Charger (TC) of such.

The Toll Service Provider checks connected OBEs
The requirement for the Toll Service Provider to pro-
vide “consistent and complete declaration” means
that the subscribers’ OBE status must be checked.
This check can be both status and position indica-
tion (“where is the OBE and in what condition is
it?”). It must be possible to perform this check
continually or randomly.

The Toll Charger (TC) performs random checks
The Toll Charger has the resources to gauge decep-
tive/missing declarations. Random checks along
the roadside can be performed through simple
observation of vehicles (number plate, vehicle prop-
erties, time and location?*) for comparison with route
declarations received later. The purpose of random
checks is to ensure that the level of cheating is

kept to a reasonable level in various environments
and situations (byways, rural roads, at night, etc.).

If the level of cheating exceeds a specific level, the
Toll Charger will increase the number of roadside
checks or increase penalties.

24 Speed cameras could be used for this purpose.

Roadside checks performed by the police
The primary tool for checking for violations is road-
side checks performed by the police or a similar
authority. These checks can be co-ordinated with
the digital tachograph. The anticipated check level
stipulated by directive 2006/22/EC?® also satisfies
the needs of kilometre tax checks.

Toll Charger review transport firms

Companies providing transport services must fulfil
certain requirements. The Toll Charger can review
the transport firm and check that operations are run
properly. This review can include how the compa-
nies handle kilometre tax declaration, equipment,
OBE status, etc.

Comparative checks

It is possible to compare information obtained from
several systems. Data from digital tachographs can
be validated against the data from the OBE and
data from the road meter can be used to validate
route declarations, e.g. during the annual vehicle
inspection. Such checks may not provide sufficient
evidence of cheating, but could lead to intensified
checks of the vehicle, transport firm or Toll Service
Provider.

25 This directive has been in force since 1 April 2007 and specifies the control level for driving and rest time regulations within the EU. During the first
stage of the directive, 1 % of workdays will be checked. This level will be 3 % from 2010. The directive specifies that at least 30% of these checks

must be performed at the roadside.



4.6 Business model

The prevalent market for road user charging is char-
acterised by a bilateral relationship between a User
and a Toll Service Provider (TSP) in a union with a
Toll Charger (TC). An introduction of the EETS serv-
ice forces an organisational separation between

the Toll Charger and Toll Service Provider, since the
former must be able to handle several Toll Service
Providers. This separation changes the market,
opening it to independent Toll Service Providers and
permitting competition between them. Competition
is not only financial; it is also through an attractive
offering of services other than kilometre tax.

The ARENA project has proposed a business model
for the kilometre tax system?® which is reflected in
the control concept. The model can be considered
a natural consequence of introduction of the Euro-
pean Electronic Toll Service (EETS), since this will
also be an alternative for Swedish hauliers.

e The Toll Charger draws up contracts with Toll
Service Providers, including those offering the
European Electronic Toll Service (EETS). The
contract grants the provider permission to
operate in the Swedish kilometre tax system.

e The Toll Service Provider attracts customers by
(possibly in competition) offering quality services
for specific compensation, which is specified
in a contract with the User. Vehicles driving in
Sweden will be able to choose between use of a
Swedish or an EETS OBE?".

26 ARENA REPORT 2008:5., ARENA market-based approach”

e The Toll Service Provider is responsible for each
subscriber’s OBE as well as its procurement,

installation, integration and usage.

e The Toll Service Provider collects all data neces-
sary to create route declarations, compiling such
for the Toll Charger.

e The Toll Service Provider pays the Toll Charger in
accordance with the applicable payment require-
ments (payment guarantee) and invoices the
customer. This means that the Toll Charger has
no direct contact with Users.

e The Toll Service Provider is entitled to reasonable
compensation from the Toll Charger for services
performed, including compensation for risks and
payment guarantee.

e Toll Service Providers are responsible for check-
ing their subscribers and their OBEs as well as
checking the feasibility of submitted route
declarations.

e The Toll Charger checks what routines the Toll
Service Provider has in place and how they are
carried out.

e The Toll Charger is responsible for compliance
control and validates system performance
through random roadside checks and other logi-
cal processes.

This business model creates an organisation in
which responsibility and control follow contractual
relationships. Allowing competition between Toll
Service Providers supports the development of new,
innovative and more effective solutions.

27 The concept is based on mandatory use of an OBE. There may, however, be vehicles with faulty or broken on board equipment and there may be

equipment that has been manipulated.



4.7 Revenue and costs for a
Swedish system

According to SIKA the revenue for a future kilome-
tre tax would be about SEK 4.2 billion annually?®,
without tax differentiation between rural and urban
roads.

When a new tax system is put into operation, costs
for running such system must also be taken into
consideration. The ARENA project performed an
approximate cost calculation for a future kilometre
tax system in conjunction with SIKA's investigations
in 20072°. This cost calculation is based on the fol-
lowing preconditions:

e The kilometre tax covers the entire road network
and the tax can be differentiated between differ-
ent road types, regions, areas or the like

e Swedish and foreign vehicles with a total weight
exceeding 3.5 tonnes are subject to the tax

e \/ehicles subject to the tax have a mandatory
vehicle unit (OBE), using positioning technology
to register the route and using GPRS/3G to
communicate data to a Toll Service Provider.

e Registration of all heavy goods vehicles is done
using cameras at the Swedish borders

e The camera system for speed monitoring (ATK)
is used for random sampling

e The system comprises approx. 90,000 Swedish
vehicles and 10,000 foreign vehicles

28 SIKA REPORT 2007:5 "Kilometerskatt for lastbilar — tillaggsuppdrag”

29 ARENA REPORT 2008:11., “PM kring kostnadsberakning”
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Based on calculation results, the system is expec-
ted to cost approximately SEK 250 million per year
(investment and operating costs) for the first few
years. In addition, there could be transfers between
system stakeholders to compensate for financial
risks and allocated work tasks. This “credit and
transaction cost” is calculated at approximately 2%
of the collected tax, that is to say about SEK 100
million. In other words, this is a cost that depends
on the business model selected and is not a system
cost per se.

Based on the rapid technical development, the price
of the vehicle equipment (OBE) is expected to drop.
Costs may also be reduced if the required electronic
equipment can also be used for other purposes by
the Toll Service Provider.



5 Technical aspects

5.1 The goal of the system

determines the technical solution

When several European countries have already
implemented a distance-based road user charging
system, the obvious question is why can’t we just
copy a working system with known reliability?
Germany, Austria, the Czech Republic and Switzer-
land have each selected pretty different technical
and administrative solutions (for more on the sys-
tems in operation, see SIKA 2007:2%°). Furthermore,
they are also incompatible with each other:

e Germany, Austria and the Czech Republic each
have a toll/tax on motorways only with different
technical solutions

e Switzerland, however, levies a tax on the entire
road network using a special tachograph

When specifying a Swedish system, a basic condi-
tion is that it meets Swedish requirements as well
as European. The choice of technical solution is
primarily dependent on which roads will be taxed.
If the tax is limited to certain parts of the road net-
work, DSRC can be used to register entry onto and
exit from the road network and use this informa-
tion to calculate distance driven. This solution was
chosen in Austria and the Czech Republic. In order
to tax a “limited region”, a whole country (all roads),
the DSRC must be combined with a tachograph to
measure the distance driven. This, in general, is the
solution chosen by Switzerland.

When motorways and only certain other roads are
to be taxed, some type of positioning is required.
Positioning could be satellite based or possibly
GSM/UMTS based. Differentiation based on dyna-
mic vehicle properties (such as connected trailer)
can be solved through the design of OBE, which is
found in countries that have introduced kilometre
tax.

30 sikA Report 2007:2, "Kilometerskatt for lastbilar”, section 6

3T ARENA REPORT 2008:8

32 www.toll-collect.de
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In summary:

e Upon differentiation based on type of road and
when the entire road network is taxed, there is
always a need for some type of positioning tech-
nology. This is the most flexible solution.®’

e |f kilometre tax is only charged on motorways,
DSRC can be an option

e |f the entire road network is taxed equally, a tach-
ograph solution can be an option

5.2 Technical conclusions
and considerations

Although the ARENA project does not form an
opinion as to which technology the Swedish sys-
tem should use, it is clear that the concept design
affects the technical solution. There are great differ-
ences in relation to the systems in Austria, Switzer-
land and the Czech Republic while the functionality
described is similar to the German Toll Collect
system®. The project recommends a few special
properties in a Swedish kilometre tax system:

System interface

Sweden will need to fulfil the requirements of the
European Electronic Toll Service (EETS), which
means that Sweden must accept OBEs from a
number of different EETS providers. The ongoing
European development work gives reason to believe
that a Swedish Toll Charger (TC) will not commu-
nicate directly with the On Board Equipment units
(OBE).



Sweden should use a “thin client”

In the German toll system, Toll Collect, the entire
price list and map database are stored in each OBE
(a so-called “heavy client”). With this solution, there
are huge needs for updating each individual OBE,
for example when a new country is covered, tolls
are changed, road standards are changed or new
roads are built. ARENA recommends that Sweden
invests in a so-called “thin client”, which the func-
tionality of the OBE is limited to registering and
communicating driving information. Mapping and
route declaration are handled by a Toll Service
Provider and the final tax calculation is handled by
the Toll Charger (TC).

Sweden should use a secure core

In the German and Swiss systems, the OBE itself is
a “secure environment” and it is not permissible to
use the components for purposes (services) other
than tax levying. In Austria and the Czech Republic,
the OBE has no positioning and no communication
functions, which are required for many commercial
services.

ARENA recommends that it should be possible to
implement a “kilometre tax function” in the vehicles’
existing or coming ICT platforms, since positioning
and communication equipment is already used to

a certain degree. For this reason, a security solu-
tion similar to that used in mobile phones should be
used, i.e. an IC card/Smartcard that is issued by the
Toll Charger (TC) and securely and clearly identifies
the OBE and its link to a specific vehicle.

5.3 Dimensioning aspects

Kilometre tax based on a “thin client” depends on
timely delivery of positions for the heavy goods
vehicles to the Toll Service Provider (TSP), which
then handles mapping and the route declaration
based on such information. In order to prevent loss
of data and late deliveries, the system must be
dimensioned with sufficient capacity. ARENA has
analysed® different possibilities of using existing
mobile and wireless systems (particularly GPRS,
UMTS and WLAN) for both streaming and bulk
transfer of position data. The analysis shows that

it is possible for sensible combinations of sampling
and reporting intervals to ensure effective and eco-
nomic reporting. The mobile networks in existence
today would be able to handle the added load of
reporting kilometre tax in Sweden with the pro-
posed concept.

38 ARENA REPORT 2008:6. Eliasson, C och Fiedler, M., “Dimensioning study for road user charging”
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5.4 Security aspects

When the system for kilometre taxation is put into
operation, it is important that the system cannot be
manipulated and affected by outside factors. For
this reason, a threat analysis has been performed
on the solution, including the Smartcard-based OBE
system suggested®. The threat analysis focuses

on the OBE, communication links, data and central
servers. The threat can be physical, logical or human.
Physical threats are threats that could physically
affect the system or its components, such as theft
or hardware error. Logical threats are logical routi-
nes or software, such as overload attacks or soft-
ware errors. The third group of threats focus on
problems related to human error. The study found
more than thirty different threats, with many aimed
at more than one resource. Physical threats include
manipulation of the OBE and logical threats include
errors in the central server, lost communication
channels or software error. Finally, human threat
includes problems with usability, i.e. system compo-
nents being used improperly.

34 ARENA REPORT 2008:7. Boldt, M et al., “Hotanalys fér positionsangivelsekedjan”
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6 Legal aspects

The introductory work of defining a solution for kilo-
metre tax in Sweden has shown that many of the
principles established, e.g. for the Stockholm con-
gestion tax, are difficult to apply to the kilometre tax.
This means that when it comes to the kilometre tax
legislators must find new solutions for aspects, such
as handling foreign vehicles, which are not covered
by current legislation. In addition to national legisla-
tion, there must be compliance with the European
directives. The EFC directive (2004/52/EC) specifies
that member states can introduce road tolls for
different types of vehicles — locally or nationally —

but points out that all solutions must satisfy the
principles of free mobility, non-discrimination and
protection of personal integrity.

6.1 Mandatory OBE and tax
on entire road network

ARENA's proposal for a kilometre taxation concept
requires a mandatory OBE for all system users,
including foreign vehicles. Discussions with the EU
Commission indicate that this will be possible. A
mandatory OBE is already required in the Austrian
system, with the argument that the OBE is inexpen-
sive and very easy to install in vehicles. ARENA
presumes it will be possible to develop a very sim-
ple OBE for the Swedish system, but this requires
further investigation.

ARENA also proposes that the entire Swedish road
network be subject to kilometre tax, even if the tax
is not levied for all roads. This means that certain
parts of the road network will have null tax. The
main argument for this is that if facilitates more
control for the tax.=®

6.2 Payment base on
declaration

Declaration duty

The term declaration duty has been introduced.
That is to say, vehicles subject to the tax are obli-
gated to report their movement patterns as the
basis for calculating tax and the subsequent tax
decision. This also requires that vehicle owners (or
the Toll Service Provider, TSP) keep track of when
there is a declaration duty. Legislation must regulate
when the declaration must be reported and at what
intervals or on what occasions.

A Toll Service Provider is an intermediary

A future kilometre tax will also apply to foreign
vehicles. As per the EFC directive and the defini-
tion of the European Electronic Toll Service (EETS),
the vehicle owner’s representative, the Toll Service
Provider (TSP), has a representative duty to pay. In
turn, the vehicle owner has a duty to pay the repre-
sentative. If there is no representative, the tax claim
is directed right to the driver/vehicle owner.

3% |n this manner, the declared distance can be compared to the distance driven by the vehicle during the annual vehicle inspection



Payment services

There are organisations that provide the service

of payment function handling. For example, this is
seen with congestion tax in Stockholm. It means
that a service company serves to monitor tax deci-
sions and implement payment on assignment of
the vehicle owner. Establishment of this type of
service should be taken into consideration in
coming legislation.

Manual tax statement
It should be possible to issue a manual tax return, if

the electronic declaration service is non-operational.

6.3 Border and control
problems

Mandatory tax statement at border

According to EU’s rules on free mobility, Sweden
does not have the right to stop vehicles at the bor-
der if there is no special cause for such. In order to
facilitate compliance control in a kilometre tax sys-
tem, there should be a requirement that the driver
automatically submits an electronic route declaration
when the vehicle exits Sweden.

Photographing vehicles

All vehicles subject to the tax must be known to the
Toll Charger. This is solved by allowing the govern-
ment agencies to photograph all heavy goods vehi-
cles that enter and exit the country and by reading
the number plate. This is already done in Finland.
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Right to check vehicles

The project presumes that the Toll Charger or an
appointed supervisory authority (police) have the right
to perform random sampling of vehicles travelling the
road network. They must have the right to stop vehi-
cles to check that equipment is operational and they
must have the right to photograph vehicles in order
to identify them via the number plate and verify infor-
mation with submitted declarations. If the “vehicle”
cannot prove that it handled the route declaration
correctly, the photo must be saved. The controller
must also have the right to charge a penalty tax on
site before the vehicle is allowed to continue.

Driver’s responsibility

There must be clarity as to what responsibility the
driver has for ensuring that tax is levied correctly and
on what grounds the driver can be prevented from
continuing travel if he or she violates the rules.

6.4 Currency and VAT

Currency risk

According to the EFC directive and the payment
guarantee for the European Electronic Toll Service
(EETS), all distance-based road user charges,
regardless of where in Europe the vehicle travelled,
must be compiled to an invoice sent by the Toll
Service Provider used by the haulier. The Toll Serv-
ice Provider should normally invoice the customer in
the customer’s currency, but the Service Provider
may have to pay the toll/tax in other currencies.
There must be an investigation to determine whether
a Swedish kilometre tax must also be accepted in
currencies other than SEK in order to handle any
currency risk.



VAT

The kilometre tax should be exempt from VAT, but
this could conflict with EU directives. The problem
is that VAT could be difficult to demand on claims
against foreign drivers or Toll Service Providers. This
is also problematic since Swedish hauliers have

the right to be represented by a foreign Toll Service
Provider, and thereby receive an invoice for Swedish
kilometre tax from abroad.

6.5 Supplementary services

Several stakeholders have pointed out that it must
be possible to systematically co-ordinate a future
Swedish kilometre tax with other telematics serv-
ices. For this reason, there should not be any legal
hinders for use of the vehicle equipment for pur-
poses other than kilometre taxation. The OBE that
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registers and communicates route should not be
covered by legislation. The fact that the OBEs of
foreign Toll Service Providers must be allowed is
another reason to avoid technical solutions/locking
in legislation.

6.6 Need for Swedish
specification

The ARENA project presumes that when procuring
a kilometre tax system, no reference will be made to
international standards. It may therefore be a good
idea to establish a “national specification” similar to
that done for DSRC prior to introduction of conges-
tion tax. A possible solution could be to develop

the concept description to a specification that is an
important document during future procurement.



7 ARENA 2.0 - next steps in the project

7.1 Swedish development of
technology and organisa-
tion with EU perspective

ARENA 2.0 builds further on work with a national
and international environment to by 2010 develop
the concept for a Swedish kilometre tax for heavy
goods vehicles. The concept shall fulfil Swedish
requirements technically, organisationally, adminis-
tratively and legally. At the same time, it shall be
harmonized with European development. The

goal is to develop a function description that can
be used as a basis for decision making and for
procurement of a technical system. This requires
deepening of the work performed in the project thus
far. In addition, the concept must be adapted and
discussed with important national and European
stakeholders. A proposal for a national organisation
must be drawn up, with roles and responsibilities
allocated in an international context that responds
to the legal preconditions of both Sweden and

the EU.

It is also important to view a Swedish kilometre tax
for heavy goods vehicles from a broader telematics
perspective. A kilometre tax with the characteristics
defined by ARENA creates the preconditions for
additional telematics services of value to society
and business, improved traffic safety, more efficient
transport planning and improved use of the road
transport system.
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7.2 Industry co-operation
validates the concept and
creates understanding

Practical trials and demonstration activities will play
an important role in ARENA 2.0 in order to sample
different solutions, test interoperability and create
understanding of the possibilities and limitations of
the kilometre tax system within industry, govern-
ment authorities and political forums. Co-operation
with industry and system manufacturers makes it
possible to validate the concept of the kilometre tax
system and associated applications that are devel-
oped. Knowledge and experiences from projects
with similar demonstration activities can be obtained
nationally and from abroad and the Swedish results
can be spread.

7.3 Demonstration during ITS
World Congress 2009

ARENA 2.0 intends to build a demonstration envi-
ronment that can be displayed during the ITS World
Congress, which will be held in Stockholm in 2009.
The idea is for the trial area’s focus to be expanded
to E-Transactions and be a resource for any sub-
sequent implementation process for a kilometre tax
system, such as for certification and demonstration
in a procurement procedure.



7.4 Continued work

The need for continued work can be summarised in
the following points:

The concept, including the control system, must
be further developed in co-operation with inter-
ested parties — both national and international.
There is a need for deeper understanding of the
practical, legal, organisational and administrative
consequences of the concept.

ARENA’s endeavour based on co-operation and
trust between different stakeholders in a kilome-
tre tax system requires more analysis of business
models and process in order to ensure that the
system stimulates “correct” behaviour.

There must be investigation of how system de-
sign is affected by what the market can deliver in
terms of technical equipment and services and
what roles can/should be entrusted to public
stakeholders.

The interoperability between different systems
must be developed and shown in practice. Fur-
thermore, related responsibility issues (for pay-
ment) and associated sanction possibilities must
be defined.
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A Swedish system for kilometre tax must meet
Swedish needs but at the same time be inte-
grated in a European solution. Swedish require-
ments must therefore be taken up in international
forums that have significance in the EU.

There will be development of ITS-related services
regardless of any decision on continued devel-
opment of a kilometre tax system. It is therefore
important that the industry, decision makers and
those forming opinions develop a future vision for
a sustainable transport system.

ARENA 2.0 will be demonstrated during ITS
World Congress 2009.

Efforts are needed to continue the network
building started by ARENA. This is a unique op-
portunity to further international knowledge de-
velopment in the interfaces industry, universities,
politics and public administration.

ARENA has started competence build-up that
should be made use of and further developed
during the next phase of the work. The intention
is to prepare and initiate a research centre with

a link to e-payments/e-transactions for national,
long-term development.
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