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Abbreviations and Definitions

Abbreviation Definition

2G/3G Second/Third generation mobile cellular tel ephone communication

B2B Business to Business

CALM Communication Access for Land Mobile

CFF Car Fleet and Freight

COOPERS Cooperative Systems for Intelligent Road Safety (European
Integrated Project)

CVHS Corporate Vehicle Highway System

CVIS Corporate Vehicle Infrastructure Systems (European Integrated
Project)

EC European Commission

EGNOS European Geostationary Navigation Overlay Service

ETSI European Telecommunications Standards Institute

GNSS Global Navigation Satellite System

GPRS General Packet Radio Service

GPS Global Positioning System

ICT Information and Communication Technology

|IEEE Institute of Electrical and Electronic Engineers

IR Infra Red Communication

ITS Intelligent Transport systems

LCC Life Cycle Costing

M5 5.9 GHz ITS band microwave communication

OBU On-Board Unit

OEM Original Equipment Manufacturer

RSU Road Site Unit

SAFESPOT Co-operative Systems for Road Safety 'Smart Vehicles on Smart
Roads' (European project)

SOA Service Oriented Architectures

SWOT Strengths, Weaknesses, Opportunities, and Threats

TCC Traffic Control Centre

V2l Vehicle to Infrastructure
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15/03/2010

9 Version 31




¢ CVIS

Costs, benefits and business
models

WP

Work package

15/03/2010

10

Version 31




" Costs, benefits and business
models

Executive Summary

The deliverable represents a economic validation of CVIS as part of the CVIS deployment.
The validation contains the analysis of how CVIS could create value, for which stakeholder,
in which kind of potential business model configuration, involving which kinds of cost, benefits
and risks. The report presents the analysis method used, the non quantitative and
guantitative result of the analysis, the discussion and recommendations.

To be able to conduct the economic validation of the deployment of the CVIS infrastructure
the services provided based on this infrastructure needed to be included. The infrastructure
itself doesn't represent any value. The value is created by the services that are enabled by
the infrastructure. To be able to evaluate the economic potential of both the infrastructure and
the services a two level analysis is conducted.

The level 1 analysis represents an outside-in perspective evaluating of the potential of the
infrastructure by dimensioning the costs of the infrastructure in relation to the benefit potential
of the services. Both the benefit rationale and the cost model are driven by the road
infrastructure that is within scope.

The cost model is based on the CVIS infrastructure. Within the infrastructure there are four
major cost objects distinguished. First the On-Board Unit (OBU), second the Road-Site Unit
(RSV), third the Traffic and Control Centre (TCC) and final the Communication. To determine
the costs a Life Cycle Costing (LCC) approach is used where the cost to purchase the object,
the costs to implement the object and the costs to maintain the object are determined and
projected over the life cycle of the CVIS infrastructure.

The benefit rationale is build around the cost reducing effects of services. The cost reducing
effects are grouped in the benefit categories safety, efficiency, vehicle operation and
environment.

The level 2 analysis represents an inside-out perspective evaluating the economic potential
of the service business models by analyzing 16 services and the value networks that
produces those service is organized. Therefore the value networks where describe and
analyzed in terms of actors and exchange flows based on the value network template “The
Conceptual Business Modeler”.

Conclusions Level 1 Analysis
The following conclusion can be drawn from the analysis level 1.

The goal of the level 1 analysis was to analyse the behaviour of benefit and cost drivers
which lead to a profitable or not profitable business case. To determine where the focus
should be when implementing the infrastructure and the services.

The assumptions play a major role in the level 1 analysis and have a great influence on the
end results. Evaluating the end results is evaluating the assumptions. The expectation is that
based on a broader discussion of the analysis results and further insight the assumptions
could be object of change.

Evaluating the benefit potential it became remarkable that the majority of the benefits can be
earned on the major roads and especially in the benefit category safety. The major roads
represent 97% of the total benefit potential and the benefit category safety represents 93% of
the total benefit potential.
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Evaluating the cost potential it became remarkable that the majority of the costs are made on
the motor and major rural roads and especially in the cost categories OBU existing vehicles
and OBU communication. The motor and major rural roads representing 87% of the total cost
potential and the cost category OBU existing vehicles and OBU communication represents
83% of the total cost potential

All the three scenarios have the same road network scope and relating cost projection. The
differences in the scenarios occur in influence of the services applied on benefit projection.

In the analysis of 3 scenarios it became evident that the projected benefits of both the
personal and commercial scenario are clearly not covering the projected costs. Only the
public scenario shows a positive cash flow. The profitability of the public scenario is in
majority the result of presence of services that reduces speed on the road with a high safety
impact.

Analysing risks shows a high risk that the user the service will not embrace. The acceptance
by the user is a critical criteria for a success full implementation. Also the risks involved with
the planning of the deployment of the infrastructure and the services and the planning of the
business around the services itself is evaluated as critical for a success full implementation.
Projecting these risks on a period of 25 years results in a spread of 54% of the net cash flow
with a major negative deviation.

Bundling the services in a personal, commercial and public way with the services in scope
results in only one profitable scenario. Those scenario’s that contain services which
addresses safety aspects are evaluated as the only scenarios that can be profitable based on
the costs involved to build the necessary infrastructure.

Road tolling can be used as balance item in case of a deficit. Road tolling has next to the
effect of generating income from the tolling itself a beneficial effect on congestion, fuel
reduction and pollution. In case of adding tolling to the existing services in a certain scenario
it is important to know that these beneficial effects will possibly evaporate as a result
substitution of services.

In general there are 3 target groups to distinguish who could benefit from the services in
scope. First the private persons using their private vehicles. Second the commercial parties
that exploits commercial vehicles and last the public party.

The specific interest of one of this target groups is depending on the specific services
involved. The analysis model did not recognize the specific costs / benefits for these target
groups. Further research will be necessary to define these interests.

In case of enough public interest the public authorities could decide to claim the costs via
road tolling. With this remark that tolling increases of the cost of transport generally and will
have a negative economic side-effect

Based on the outcome of the analysis a single personal or commercially scenario with a
limited public interest will not be beneficial enough to cover the costs involved. This leads to
the conclusion that private and commercial benefits only could be achieved when the costs
are shared with the public party. The public authorities instead will only be interested if the
public interest is severed. This leads to the conclusion that a public and private participation
(PPP) will be needed to implement these services and the necessary infrastructure.

In the evaluation of the results is important to realize that the maximum benefit potential to be
achieved depends on the progression of the penetration. The earning back of the fixed costs
are maximized when there is a high penetration rate from the beginning of projection period.
With a large share of fixed costs this could lead to a situation where the progression of the
penetration is determining if the project will be profitable or not.
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Conclusions Level 2 Analysis
The following conclusion can be drawn from the analysis 2.

The level 2 analysis led to the conclusion that the services in scope or best represented by a
value network with mutual exchange of values between the different actors. The existing of
the value network depends on all the contributions of all actors to network. If one of the
actors redraws the service will collapse. Evaluating the economic potential of the value
network equals the valuation of economic value of the network for all the actors. The
business case of the service provided by the value network is the aggregation of all the
business cases of all the actors involved.

Describing the networks in this analysis led to the insight that there are large amount of
assumptions needed to model the participation of an actor in the network to decide if
participation will be profitable for this actor. These assumptions include the conditions applied
producing the service. On the level of the total service / value network this has led to the
need for more detailed information that not could be provided in the current situation.

The existence of the value network is primary depending on the fair distribution of profit
generated by the network based on the contribution of added value to the network. This
added value delivered to the network is highly depending on dynamic market circumstances.
A strong and flexible governmental structure should cope with this thread of vulnerability.

The choice to be the service provider in the value network depends on mainly the availability
of the specific service knowledge, the customer relationship, the production capabilities and
the risk appetite.

To be able to secure the delivery in a situation of high number of interdependencies who are
subject of change it becomes necessary to implement a strong and flexible governance
function. The intelligence behind the network architecture will be the critical point of success.

In the analysis there are mainly 3 pricing models to be distinguished. A fully variable pricing,
called “Pay as you drive”, a pricing model that combines consumption with a periodic
subscription fee and a free service paid by public means.

Recommendations
The following recommendations are given.

When implementing CVIS the focus should be on safety oriented services with a high
beneficial effect.

With the intention to have a profitable scenario the less profitable personal and commercial
services should be combined with the public services.

Cost focus should be on the OBU costs and the costs of communication. Reduction of the
cost per unit will lead to large reductions in the total costs involved.

User acceptance is ranked as one of the highest risks. Adding enough value for money for
the end user in the service by combining services will support the acceptance.

Also the risk mitigation of the risks involved with the planning and control of the deployment
and business will reduce strongly the overall risks.

In case of deficit and enough public interest an tolling service can be add to cover the deficit
and be used as balance item.

Further research will be necessary to make a further breakdown of interest per target group
and a more detailed quantification of the benefits per target group.

In the most likely case of a implementation via an Public Private Participation an appropriate
allocation of risks will conditional to attract private investors.
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To be able to secure the consistency of the value networks around the services a strong and
flexible governance structure is critical .

It is critical to ensure a fair and flexible distribution of profit among the patrticipants based on
the value add to the value network.

It is important to secure a good communication structure between the actors involved in the
value network.

The choice which pricing model is applicable for which service should be made based on an
analysis of interest, cost structure, risk appetite, customers perception of value and the
competition.

Further research is recommended to test the assumptions with the progression of insights
and practical experiences
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1. Introduction

1.1 CVIS DEPN project abstract

In a future vision of Cooperative Vehicle-Infrastructure Systems (“CVIS"), every vehicle will
be equipped with a universal Onboard Unit (OBU) allowing it to communicate freely and
directly with other vehicles nearby and with roadside equipment. But behind the simple
communications box there will need to be, in the vehicle, a safe and user-friendly HMI
(human-machine interface) and, at the roadside, a complex structure of road, traffic and
mobile communications operators, service & content providers and other entities actually
running the CVIS services.

So why would vehicle makers offer, and drivers buy, CVIS equipment and services, and why
would operators and service providers invest in the infrastructure of CVIS? What are the
essential non-technical issues the CVIS project needs to resolve to ensure that there are no
obstacles to the universal uptake of the technology and that the solutions developed can be
made and sold affordably? The Deployment Enablers activity of the CVIS project provides
the integrating strand that links the core technical work to the consideration of these
nontechnical questions.

In order to ensure that the CVIS core technologies can and will merit the widest acceptance,
work on the main deployment enablers will be embedded in the design and development of
every phase of the CVIS project from beginning to end, and of every technology and
application sub-project. The Deployment Enablers (DEPN) sub-project (SP1.3) is thus a
“horizontal” or coordinating activity, included in the Coordination Group together with IP
Coordination (SP1.1) and the Core Architecture Group (SP1.2).

1.2. Purpose of this document
The document presents:

The estimation of the costs to make CVIS operational (investment, manufacturing and
operational costs);

definition of the stakeholders who will have to cover these costs;

estimation of the benefits of an operational CVIS both the direct benefits of CVIS and the
potential spin-off (e.g. CALM can be used outside CVIS as well);

definition of the stakeholders who will receive these benefits (using the outcome of WP4
especially the utility);

definition of realistic business cases using the lessons learned from the tested reference
applications and the outcome of WP4 ( especially the usability and user acceptance) and
WP6 (Risk and Liability);

definition of business models.
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2. Methodology

2.1. Two levels of economic validation

Economic validation as part of the deployment of the CVIS infrastructure will be only be
plausible when the services provided based on this infrastructure are included. The
infrastructure itself doesn’t represent any value. The value is created by the services that are
enabled by the infrastructure. To be able to evaluate the economic potential of both the
infrastructure and the services it was chosen to follow two separate approaches.

The first approach is from an outside-in perspective, evaluating the potential of the
infrastructure by dimensioning the costs of the infrastructure in relation to the magnitude of
the benefit potential. The second approach is from a inside-out perspective evaluating the
economic potential of the services by relating the added value delivered to the service
consumer and the way the service production is organized.

2.2. Two way approach
CVIS Level 2 Level 1
Benefit Rationzs
Service 1. Service 2. Service x.
" Benefit ” Benefit " Be_nefit |
o | Rationale 5| Rationale E Rationale
= = =
5 O] CostModel O] CostModel 0| CostModel
5 —
Cost Model n

Figure 1: Two way approach CVIS DEPN WP 5.1

In the first approach (Level 1 Analysis) the dimensioning factors of the CVIS infrastructure
are determined followed by the dimensioning factors of the CVIS cost model based on the
architecture of infrastructure. In the second stage of the level one analysis the CVIS benefit
rationale is build and the dimensioning factors for the CVIS benefit rationale are determined.
The evaluation will focus on determining the magnitude of benefits required to cover the
infrastructure and operation costs for a given scope.

The second approach (Level 2 Analysis) is divided up into the three sequential phases.
Based on the individual services business models are explored, stakeholders identified and
value streams determined. The evaluation will focus on determining the business model
requirements and where possible the economic value of the particular service.

The evaluations of the both approaches, level 1 and level 2, will add up in one aggregated
overview that includes functionality, feasibility, profitability, risks involved, efforts to made and
the level of manageability. (see table 2)
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c. Drivers L - Total Cost of Ownership
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a. Dimensioning factors Risks involved
b. CostDrivers Success Factors
c.  Minimum cost level
CVIS Business Case
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b. Cost model
c. Drivers _ _
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|
REPORTING

Table 1: The levels of validation CVIS DEPN WP 5.1

2.3. The infrastructure validation Method (Level 1)
2.3.1. The Benefit Rationale

Safety Implications Safety Costs
E 3 Efficiency Efficiency
= = L A _
S = ® Implications Implications Costs = -
= (-] - = w
2 = || & g = =
= 5 g Vehicle Operation Vehicle Operation % g— 3
= 5 = Implications Costs o = z
= o = b 8 m
= = E - - S = w
o S © Environmental Environmental < e =
x =z = Implications Costs t w o
| J\ J
| |
Based on Research Based on Test
Departmentfortransport UK Site Results

Figure 2: The structure of the benefit rationale (Level 1)

In the level 1 analysis the benefit rationale is built around the effectiveness of reducing the
costs of certain services in the benefit areas of safety, efficiency, vehicle operation and
environment. Based on a certain road infrastructure scope the CVIS infrastructure, the cost of
the CVIS infrastructure and the cost reducing effects of the services is dimensioned. (See
figure 2)

2.3.2. The Cost Model
The cost model is built based on the CVIS infrastructure. Within the infrastructure there are
four major cost objects distinguished.

1. First the On-Board Unit (OBU), the unit that build into the vehicle to receive and
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transmit data.

2. Second the Road-Site Unit (RSU), the unit that is placed alongside the road to
transmit and receive data

3. Third, the Traffic and Control Centre (TCC) representing the back office systems used
to connect the Road-Site Units

4. Fourth, the communication between TCC, RSU’s, OBU’s and the service providers

A further detailing of the CVIS infrastructure can be found in chapter 3.1 “The Technical
Infrastructure”.

Scope:
Derived from TCC
-Area R5U and OBU Costs
- £ Cities Dimensions
-Service Functionality | _ ol eee—e—e—m—m————
Driven by: I #UrbanRSU I
- Distance,
. =
- # Intersections, I e L I ) " z ASU Costs
3
- Transmitting reach I # Highway RSU I e = g
____________________________________________ = a= o | —
. 2 llg |l 5
Driven by: = 4 4
- #Vehicles % w OB Costs
Driven by:
-# 0BU Communication
-# RSU Costs

- Connections TCC

Figure 3 The structure of the cost model

To determine the costs a Life Cycle Costing (LCC) approach is used where the cost to
purchase the object, the costs to implement the object and the costs to maintain the object
are determined and projected over the life cycle of the CVIS infrastructure.

2.4. The method of scoping and the perspectives of analysis

In the level 1 analysis the benefit rationale and the cost model are driven by the scope of the
analysis. The scope of analysis is represented by the dimensions of the road infrastructure
i.e. the scope and the services that are applied. The road infrastructure is described by
dimensioning the road classes in paragraph 2.4.1.

The results of the analysis are distributed over the vehicle, incident and accident impact
types.

The typologies and classes used are based on the standards used in annual transport
statistics of the department of transport of the United Kingdom to be able to dimension cost
effects on road safety, These typologies and classes are defined in the following paragraphs.
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Figure 4: Scoping the level 1 analysis
24.1. Road Classes

To scope the level 1 analysis the following road types are used to describe the scope of the
infrastructure that drives the level 1 analysis

Road Classes

All roads
Major Roads Minor Roads
Motorway A’ roads B', C' and unclass. roads
Trunk Principal Trunk Principal
Rural | | urban Rural | | Urban Rural Urban

Source Department for Transport UK

Figure 5: Classes

Major roads

Include motorways and A roads. These roads usually have high traffic flows and are often the
main arteries to major destinations.

Minor roads

These are B roads, C roads and unclassified roads and are all maintained by the local
authorities. Data for minor roads are unavailable.

Motorways

Major roads often used for long distance travel. They are usually three or more lanes in each
direction and generally have the maximum speed limit of 70mph.

A Roads

Can be trunk or principal roads. These are often described as ‘main’ roads and tend to have
heavy traffic flows though not as high as motorways.

Trunk roads
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Most motorways and many of the long distance rural A roads are trunk roads.
Principal roads

These are major roads maintained by local authorities. They are mainly A roads (though the
local authorities do have responsibility for some motorways) and tend to be in urban areas.

Urban roads
Major and minor roads within an urban area, i.e. an area with a population of 10,000 or more.
Rural roads

All other roads, i.e. those outside urban areas i.e. an area with a population of 10,000 or
more.

Motor-way

Major roads often used for long distance travel. They are usually three or more lanes in each
direction and generally have the maximum speed limit of 70mph.

Major Rural Roads

Roads outside an urban area, i.e. an area with a population of 10,000 or more. These are
often described as ‘main’ roads and tend to have heavy traffic flows though not as high as
motorways.

Major Urban

Roads within an urban area, i.e. an area with a population of 10,000 or more. These are often
described as ‘main’ roads and tend to have heavy traffic flows though not as high as
motorways.

Minor Rural

Roads outside an urban area, i.e. an area with a population of 10,000 or more. These are
often described as secondary roads and tend to have low traffic flows.

Minor Urban"

Roads within an urban area, i.e. an area with a population of 10,000 or more. These are often
described as secondary roads and tend to have low traffic flows.

2.4.2. Vehicle type

The following vehicle types are used to distribute the analysis results from the level 1
analysis over vehicle types.

Two wheel motor vehicle (TWMV)

Two wheeled motor vehicles. Includes motorcycle combinations, scooters and mopeds

Car

Cars and Taxis. Includes estate cars, light vans with windows to the rear of the driver® seat,
passenger vehicles with 9 or fewer seats, three-wheeled cars, motorised invalid carriages,
4x4 SUVs e.g.Land Rovers, Range Rovers and Jeeps. Cars towing caravans or trailers are
counted as one vehicle.

Bus

Buses and Coaches. Public service vehicles and works buses, which have a gross vehicle
weight greater than 3,500kgs.
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Light Goods Vehicle

Goods vehicles under 3,500 kgs gross vehicle weight. Includes tractors (without trailers),
road rollers, box vans and similar large vans. A two axle motor tractive unit without trailer is
also included.

Heavy Goods Vehicle

Goods vehicles over 3,500 kgs gross vehicle weight. Includes tractors (without trailers), road
rollers, box vans and similar large vans. A two axle motor tractive unit without trailer is also
included.

Other vehicles

2.4.3. Accident Type

The following accident types are used to distribute the analysis results from the level 1
analysis over accident types.

Rear-end

Accidents of two vehicles in a position of one behind the other and collide, regardless of what
movement(s) either vehicle was in the process of making with the exception of one or both
vehicles backing.

Speeding

Accidents caused by excessive (above the mandatory limit) and inappropriate speed (within
the speed limit but too fast for the conditions).

Off-road

A off-road accident is a type of single-vehicle accident that occurs when a vehicle leaves the
roadway.

Other

All the other types of accidents

Dangerous Goods Accidents

Accidents with vehicles transporting dangerous goods

24.4. Accident Impact

The following accident impacts are used to distribute the analysis results from the level 1
analysis.

Fatal Injury Accidents

An accident that results in fatal injury (death occurs within a set period of the incident), heavy
injury or even death at the scene, as recorded by the police

Light Injury Accidents
An accident that results in light injury recorded by the police.
Damage only Accidents

An accident that results in material damage recorded by the police. There is noted that
accuracy of data can be a problem because of unrecorded damage only accident and
different national rules on accident reporting.

2.5. Period of Projection

The period of projection is defined as the time duration for estimating future cash flows and
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the resale proceeds from a proposed real estate investment. The period of the projection of
cash flows is determined 25 years. This because the average life cycle of a road
infrastructure related investment is 25 years.

2.6. The service validation Method (Level 2)

In the level 2 analyses the economic potential of the services is evaluated by relating the
added value delivered to the service consumer and the way the service production is
organized. Therefore business models are explored per specific service. We have defined a
business model as a conceptual tool that contains a set of elements and their relationships
and allows expressing a company® logic of earning money. It is a description of the value a
company offers to one or several segments of customers and the architecture of the firm and
network of partners for creating, marketing and delivering this value in order to generate
profitable and sustainable revenue streams. (Alexander Osterwalder, 2004). The first stage of
the level 2 analysis is the value engineering of the CVIS services.

2.6.1. From Value Chain to Value Networks : Increased complexity of Value
Engineering

In the desk research phase we determined that the availability of improved technologies and
the higher demands of customers has led to a Time to Market (T2M) reduction (Kogut, B.
2000). (See Figure 4. ) The European Road Transport Research Advisory Council
mentioned already in 2003 that time to market as a specific road transport need should be
fulfil by design & production systems and the enabling technology, (European Road
Transport 2020: A Vision and Strategic Research Agenda).
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Figure 6: Reduction of the time to market (T2M)

Under the pressure of the T2M reduction the complexity and intelligence of Value
Engineering has increased. Producers are forced to cooperate in order to obtain the
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necessary resources in time. Traditional sequential value chains therefore shift towards an
iterative (virtual) value networks, where values are mutual exchanged based upon individual
needs of the participants of the (virtual) value network. (Figure 5)

2.6.2. Value network analysis

The analysis of the value network addresses both financial and non-financial value. Every
business relationship includes contractual or mandated activities between participants — and
also informal exchanges of knowledge, favors, and benefits. The analysis begins with a
visual map or diagram that first shows the essential contractual, tangible revenue- or funding-
related business transactions and exchanges that occur between each node of the networks.
Nodes represent real people, typically individuals, groups of individuals such as a business
unit or aggregates of groups such as a type of business in an industry network. During
analysis when adopting a reflective, double loop or generative learning mode, it is beneficial
to regard nodes as role plays (shortened to roles).

Along with the more traditional business transactions the critical intangible exchanges are
also mapped. Intangible exchanges are those mostly informal knowledge exchanges and
benefits or support that build relationships and keep things running smoothly. These informal
exchanges are actually the key to creating trust and opening pathways for innovation and
new ideas. Traditional business practices ignore these important intangible exchanges, but
they are made visible with a value network analysis.

The visualizations and diagrams link to a variety of assessments, usually handled in Excel
type spreadsheets — to increase value outputs, to leverage knowledge and intangibles for
improving financial and organizational performance, and to find new value opportunities.
When the analysis is complete insights are gained into what is actually happening, where
more value can be realized, and what is required to achieve maximum value benefit across
the entire business activity that is the focus of the analysis.
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Figure 7: Value Chain versus Virtual Value Network

2.6.3. Distribution of profitability

The strength of the value network depends on every link in the network. When just one party
in the network stops to contribute the service provided by the network will collapse. Therefore
it will be necessary that every party receives a fair share of the profit generated by the
network. The quality of engineering the distribution of the profit over all the participating
partners and the attractiveness for of multiple competing supplies to join is fundamental to
ensure a certain sustainability. For this purpose we have used the e3 Value Methodology,
developed by Associate Professor Jaap Gordijn, Vrije Universiteit van Amsterdam, to model
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the value networks.
2.6.4. The Conceptual Service Business Modeller

Taking into account that the services based on the CVIS infrastructure will be delivered by a
kind of value network a Conceptual Business Model template has been developed. This
template enables the services to be described in terms of a value network. In the template all
the 16 services in scope where described in terms of involved areas, actors within these
areas and the mutual value streams between these actors. (Figure 6)

The actors in the model can represent individual entities or parts of one entity. The model will
enhance the evaluation of the actors involved and the values exchanged. Based on a filled
model value re-engineering discussions will be held.

See for a further elaboration of the Conceptual Service Business Modeller template in the
Appendix: Definitions Conceptual Business Model.
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Figure 8: The Service “Dangerous Goods / Route guidance” modelled with Conceptual Business
Modeller

2.7. Risk Validation Method

In the analysis risk defined as the probability that a certain estimated Cash Flow occurs. (see
figure 9). In this figure the probability in time of an expected cash flow is showed by plotting
next to the expected cash flow the negative en positive scenario. The spread between the
negative and positive scenario on a certain place in time represents the probability or the
financial risk involved. Every factor that reduces that probability will be seen as a risk factor.
In this economic evaluation of CVIS the drivers behind those factors and their probability that
they occur will be determined The next step is the definition of risk mitigation measures and
the determination of their impact on the occurrence of risks. Finally, the costs of risk
mitigation will be compared with the costs of accepting the risk without taking any measures.
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3. The Level 1 Analysis (Infrastructure)
3.1. The Technical Infra Structure
3.1.1. General overview

The CVIS communication system is based on global standards for hybrid mobile networking
from I1SO, IEEE, IETF and ETSI.

A co-operative ITS environment needs the availability of both two-way and one-way
communications. Besides the dedicated peer-to-peer IP connections, features such as
broadcast or geocast data originating from the local dynamic maps allow a large, unspecified
number of communication partners in a region to be addressed depending either on the
range of the broadcast medium or on the specified geographic area.

The CVIS project uses the international CALM (Continuous Air interface for Long and
Medium range) standards as basic communication principle for the CVIS Reference
Execution Platform. CALM comprises the standards for communication via microwave at 5.9
GHz, infrared, cellular 2G/3G - the so called native CALM media. The CALM Management
Entity (CME) decides — based on user requirements and media availability — on the selection
of the most suited communication medium. .

The CVIS communications platform comprises hardware and software to set up
communications between vehicles (V2V), between vehicles and infrastructure (V2I) and
between infrastructure and infrastructure (121). In its basic structure this platform is identically
used in CVIS vehicles and all CVIS roadside unites. All other CVIS components are linked to
the CVIS platform.

The CVIS communications platform runs on a PC that is used as the CVIS router. The router
is connected (e.g. with an Ethernet cable) to the host PC where CVIS applications and the
CVIS middleware are installed. The CVIS router will use several communications means (e.g.
CALM M5, IR and 2G/3G communications). The two PCs solution was chosen for the proof
of concept. Router and host can run on one PC when it comes to deployment.

3.1.2. On Board Unit (OBU)

ANTENNA )

VEHICLE

GATEWAY o -'-

MOBILE
ROUTER

S

Figure 10: On Board Unit

The vehicle subsystem consists of the following platform elements:

- The Vehicle Host: the platform for applications and services at the driver end of the
system.
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- The Mobile Router: connecting the vehicle subsystem to other subsystems
- (vehicle, roadside or centre).

- A proprietary network (depicted in yellow): connecting embedded control systems in the
vehicle.

- An open local area network (depicted in orange): connecting the router, the host(s) and
the proprietary network.

- A Vehicle Gateway: protocol converter and firewall between the open and the proprietary
network, to protect the technical infrastructure in the vehicle.

3.1.3. Road-Side Unit (RSU)

—
- INTENNA )
s ) =

I ROADSIDE ACCESS ROADSIDE BORDER
GATEWAY ROUTER HOST ROUTER

Figure 11: Road Side Unit

The roadside equipment, as depicted in Figure , comprises components such as traffic lights,
cameras, Variable Message Signs (VMS), etc.. These components run on a platform with an
architecture similar to the one in the Vehicle Subsystem:

- A Roadside Host: for applications and services at the roadside.

- An Access Router: connecting the roadside subsystem to passing by vehicle
subsystems.

- A Border Router: connecting the CVIS roadside rack to the internet through IPv6 /
native IPv6 or tunnelled in IPv4).

- A proprietary network: connecting the roadside equipment, network, etc.
- An open local area network: connecting the router, the Host(s) and the access router.
- A Roadside Gateway: between the open and the closed roadside network.

3.1.4. Traffic & Control Centre (TCC)

The Traffic & Control Centre is the back-end infrastructure that a Service Provider constructs,
deploys, and operates additionally to the Service Application. It normally comprises remote
servers and applications supporting and communicating with the Service Application on the
Client System.

A Control Centre manages multiple Client Systems and End-Users. It is responsible for
registration of Client Systems, authentication, service provisioning, subscription and the
subsequent download of service applications, service updates, remote administration and all
other needed management procedures on a Client System. A Control Centre is a component
that is decomposable into different entities representing organisational units within an
element between the Service Centre and the Client System.
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Figure 12: Traffic and Control Centre
Authority databases are existing entities that have two main areas of interest in CVIS:

To act as a basic data and/or content provider for service and control centres and to receive
updates from the CVIS system.

Typical examples of authority databases are road databases and vehicle (owner) databases.

3.1.5. Communication

GPS /EGNOS

GPS network application (provided by the POMA subproject) to combine the position is
based on the GNSS with the use of the EGNOS signal that contributes improved accuracy
(differential and corrections) and integrity checks of the data based on the quality of service
of the position.

CALM 2G / 3G

2G/3G networks are wide-area cellular telephone networks that evolved to incorporate (high-
speed) Internet access and can be used for accessing the CVIS central systems in locations
where the microwave access is not available.

CALM 5M

CALM M5 id the short range (100-500 metre) wireless communication on the 5.9 GHz
frequency.

IR

Directional communication using Infra Red technology.

3.1.6. Normalized Infrastructure Architecture

To be able to build a dimensional cost model the normalized infrastructure architecture is

defined. This normalized architecture model does count the following 3 major components:
Traffic Control Centre (TCC); Road Site Unit (RSU); On-Board Unit (OBU).

Next to these 3 components the following 4 communication types are counted: GPS / Galileo;
CALM 2G/3G; CALM 5 M; Infra Red.
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Figure 13: Normalized Infrastructure Architecture

3.1.7. Onboard and Road Site Unit Implementation scenario’s

In the On-Board Unit implementation process there are implementations in new and existing
vehicles distinguished

In the Road Site Unit implementation process there are implementations using already
existing road site equipment systems and housing and implementations by placing new road
site equipment housing inclusive power supply.

3.1.8. Penetration Scenario

To dimension the benefits and costs two type of penetration scenarios are used. First the
OBU penetration scenario. The extent of OBU penetration determines the total costs of all
OBU’s and determines the amount of vehicles that take advantage of the CVIS Systems. In
the OBU penetration scenario we distinguish OBU penetration of new and existing vehicles.
(See figure 11)

100%

T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

m%Equiped New Vehicles  ® % Equiped Existing Vehicles % Non Equiped New Vehicles = % Non Equiped Existing Vehicles

Figure 14: OBU Penetration Scenario

The second type of penetration scenario is the RSU penetration within the road
infrastructure.
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Figure 15: RSU Penetration Scenario

The extent of RSU penetration determines the number of vehicles and traffic flow that is
derived from the road infrastructure in scope. A low degree of RSU penetration leads to a
small share of the total infra-structure that supports the services which leads to small share of
the vehicles and traffic flow in scope that that take advantage of the services. (See figure 12)

3.2. The Benefit Rationale
3.2.1. Conceptual Model of the benefit rationale

The diagram below represents the rationale behind the expected benefits from the CVIS
infrastructure. As expressed before the only carrier of benefit is the service that is provided
based on the infrastructure. The infrastructure itself does not represent value. Therefore in
the analysis level 1. the benefits are calculated by expressing the cost reducing effects of the
services on the CVIS infrastructure in the benefit categories safety, efficiency, vehicle
operation and environment.

Figure 16: Conceptual Model of the benefit rationale (Level 1 Analysis)
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Within the benefit streams are different sub-areas distinguished where the service effects are
plotted on. These effects are expressed in reductions of costs related to the sub- streams
based on practical experiences in the test sites and research data. The benefits are in a
second stage distributed over benefits for the individual driver/operator and the public
authority.

3.2.2. Benefit Categories

Safety

An explicit objective of the transportation system is to provide a safe environment for travel
while continuing to strive to improve the performance of the system. Although undesirable,
crashes and fatalities are an inevitable occurrence. Several CVIS services aim to minimize
the risk of crash occurrence. This goal area focuses on reducing the number of crashes, and
lessening the probability of a fatality should a crash occur. Typical measures of effectiveness
used to quantify safety performance include the overall accident rate, fatality rate, and injury
rate, dangerous goods accident rate. These society costs are calculated by the money
insurance companies pay out, e.g. in Germany 30billion Euro/year. Surrogate measures are
also used, including vehicle speeds, speed variability, or changes in the number of violations
of traffic safety laws.

Efficiency

Improving mobility by reducing delay and travel time is a major goal of many CVIS
components. Improved throughput — operating nearer to theoretical capacity, reduced
infrastructure costs and pushing back the date when provision of additional physical capacity
is required. Measures of effectiveness typically used to evaluate mobility include the amount
of delay and travel time and the variability in travel time.

Delay can be measured in many different ways depending on the type of transportation
system being analyzed. Delay of a system is typically measured in seconds or minutes of
delay per vehicle. Also, delay for users of the system may be measured in person-hours.
Delay for freight shipments could be measured in time past scheduled arrival time of the
shipment. Delay can also be measured by observing the number of stops experienced by
drivers before and after a project is deployed or implemented.

Travel time variability indicates the variability in overall travel time from an origin to a
destination in the system, including any modal transfers or en-route stops. This measure of
effectiveness can be readily applied to intermodal freight (goods) movement as well as
personal travel. Reducing the variability of travel time improves the reliability of arrival time
estimates that travelers or companies use to make planning and scheduling decisions. By
improving operations, improving incident response, and providing information on delays,
CVIS services can reduce the variability of travel time in transportation networks. For
example, traveler information products can be used in trip planning to help re-route
commercial drivers around congested areas resulting in less variability in travel time.

Vehicle operation

CVIS implementations can reduce operating costs and allow productivity improvements.
Some applications may save time in completing business or regulatory processes, enabling
businesses to increase their economic efficiency. For public agencies, CVIS alternatives for
transportation improvements may have lower acquisition costs and life cycle costs when
compared to traditional transportation improvements. Other CVIS applications enable the
collection and synthesis of data that can translate into cost savings and performance
improvements. Operational efficiencies and cost savings made possible by CVIS
implementation can help both public and private entities make the most productive use of
their resources. The measure of effectiveness for this goal area is cost savings as a result of
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implementing CVIS.
Environment

As acknowledged by the European Committee transport is a major contributor to
environmental pollution, now accounting for more than 25% of all CO2 emissions in Europe
and making a real impact on the world® climate. The air quality and energy impacts of CVIS
services are very important considerations, particularly for non attainment areas. Areas of the
country where air pollution levels persistently exceed the national ambient air quality
standards are designated as "nonattainment.” In most cases, environmental benefits can only
be estimated by the use of analysis and simulation. The problems related to regional
measurement include the small impact of individual projects and large numbers of exogenous
variables including weather, contributions from non-mobile sources, air pollution drifting into
an area from other regions, as well as the time-evolving nature of ozone pollution. Small-
scale studies generally show positive impacts on the environment. These impacts result from
smoother and more efficient flows in the transportation system. However, environmental
impacts of travelers reacting to large-scale deployment in the long term are not well
understood.

3.3. The Cost Model
3.3.1. Conceptual Cost Model
The costs for CVIS functions are made up of the costs of equipping the infrastructure to allow

the CVIS services to operate and can be split into three elements: the On Board Unit costs,
Road Site Unit costs and the Traffic Control Centre costs.

The following assumptions have been made when constructing the cost model for
infrastructure:

The infrastructure required for a particular CVIS function is fitted across all applicable road
settings (See paragraph: 2.5.1 Road Classes) and the installation of this infrastructure is
assumed to be complete at day one following the decision to deploy a particular service;

- The road lengths are deduced from the road infrastructure scope;

- historic event (accident) rates are used to estimate the number of operators needed and
hence the operating costs for those CVIS applications that communicate to a service centre
in the event of an emergency or potential emergency;

- No explicit developmental costs are included in the analysis — it is assumed that these costs
are amortised by way of the capital costs of the equipment; and

The approach, volumes and the costs of infrastructure and operating provision are taken from
paragraph 3.1.

The cost model for the infrastructure is built up of purchase, installation and operating costs,
consisting of:

- Physical infrastructure costs determined on the basis of the generic equipment that is
required and its distribution across the settings relevant to the CVIS application under
guestion

- An overview of the infrastructure systems required by the CVIS applications; and
- Installation costs that provide for the installation of both roadside and in-station equipment.
Operating costs, consisting of:

- staffing, which takes into account how many operators and managers may be required for
the particular CVIS application under consideration;
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- Accommodation, which takes account of office space for the operators, managers and the
in-station equipment;

- Maintenance, which has two components — general day-to-day maintenance costs and
equipment refresh costs (which are generally different for roadside and in-station
environments); and - other operational factors, such as the cost of using the services of
various public or other communications service providers.

The initial purchase and installation cost is determined as a one-off figure. The operating
costs are then computed on an annual basis.

For a detailed cost breakdown see attachment.
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4, The Level 2 Analysis (Services)

4.1. Services in scope

In the level 2 analysis where the following services described, analyzed and modelled.

1. CFF (Cooperative Freight & Fleet)

1.1 Dangerous Goods

1.1.1 Service: Route guidance (use case)

1.1.2 Service: Monitoring (use case)

1.2 Parking zones

1.2.1 Service: Highway resting area

1.2.2 Service: Urban parking zones

1.3 Access Control

13.1 Service: Access control Area Monitoring

2 CINT (Cooperative Inter Urban Applications)

2.1 Service: CTA (Corporative Traveller Assistance)
2.2 EDA (Enhance driver Awareness)

2.2.1a Service: Ghost driver detection (SP owner Infra)
2.2.1b Service: Ghost driver detection (SP not owner Infra)
222 Service: Dynamic speed limit

3 CURB (Cooperative Urban Applications)

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Service: Flexible bus lane
Service: Information application
Service: Priority

Service: Micro Routing
Service: Speed profile

Service: Dynamic Routing
Service: Strategy

Service: Traffic Control Assessment
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4.2. Conceptual Service Business Models

42.1. Approach

The Conceptual Service Business Models are build using the conceptual business model
methodology (paragraph 2.6.4) in intensive process of discussing the content of the service
and how it should be organized. In the process of describing the business models input from
test sited as well as desk research data where used. This all in the awareness that possible
more methodologies could be used to build a viable service business model.

4.2.2. Route guidance (use case)

Service description

Service which supports a truck driver and fleet operator to transport dangerous goods safely.
Sensitive areas are provided by the (local) government to the service provider, which uses
this information to guide the trucks. A dangerous goods vehicle wants to start CVIS journey
and has to register at a traffic management centre which is routing the vehicle during CVIS
trip. The traffic management centre provides route guidance to the dangerous goods vehicle
and the vehicle is sending back the information of CVIS position and CVIS status.

Conceptual Service Business Model

In case road-users (drivers of dangerous goods vehicles) receive route guidance
information - figure 15 shows the conceptual service business model.

Figure 18: Value network : Route guidance
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Actors

In this case information is provided to the following actors: the road user as the service
consumer (in this case the truck drivers), the road operator and local government authorities
as information consumers. Other actors that might be involved are the insurance provider
and a traffic information provider. In addition there are all stakeholders who will make the
service possible: the service provider and all actors behind (geographic information provider:
map and weather data providers), all actors regarding the technology support systems
(telecommunication, software, hardware). Finally there is the government authority
(‘Regulator’ in figure 15), which sees to it that all activities are according to the regulations.

Flows

The service provides a routing and guidance system for dangerous goods vehicles and its
fleet operators as well as direct to the truck drivers; basic information on sensitive and
potential dangerous areas are provided by the road operator (local) to handle the routing —
the guidance is tracked, information flow goes back to the local authorities (government).

Road operators and government have to pay a fee to the service provider, as they benefit
from a lower accident risk of dangerous goods vehicles — even though the willingness to pay
will be very low.

The road operator might receive specially allocated money from the government to install the
system. This could be one of the measures in the framework of a policy plan on reducing
casualties in traffic. Road operators may also decide to pay for the service from their normal
budgets, if benefits outweigh their costs.

System users pay a flat fee to the (mobile) connectivity provider, but are able to reduce
insurance fees as a motivating factor. In order to use the service road users have to pay
(extra) for the equipment in the dangerous goods vehicle and the subscription to a
connectivity service provider. The costs of this may be partly compensated by a reduction of
the fee for the vehicle insurance. The service should decrease the risks of drivers to be
involved in accidents with generous goods vehicles — which have one of the highest severity
rates and cause the highest danger. Lower risks lead to a reduction of insurance costs.
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4.2.3. Monitoring (Use Case)

Service description

Service which enables a (local) government authority, emergency authorities and traffic
control centers to follow trucks containing dangerous goods and to provide them with
emergency routes or instructions in necessary cases. The fleet operator and further call
centers like police and emergency services have the possibility to have a look at the
registered dangerous vehicles by means of a map display. The traffic supervisor defines the
dangerous goods vehicle preferred network and in case of an incident he decides on
temporary changes of this network to reroute the vehicle in an efficient and safe way.

Conceptual Service Business Model

In case road-users (truck drivers of dangerous goods vehicles) as well as road operators and
(other) authorities receive information about dangerous goods vehicles and their routing to
track their status (loads) and position on the road network - figure 16 shows the conceptual
service business model.

Figure 19: Value network: Monitoring

Actors

In this case information is provided to the following actors: the road user as the service
consumer (in this case the truck drivers), the road operator, local government authorities,
emergency authorities and the police as information consumers. Other actors that might be
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involved are the insurance provider and a traffic information provider. In addition there are all
stakeholders who will make the service possible: the service provider and all actors behind
(geographic information provider: map and weather data provider), all actors regarding the
technology support systems (telecommunication, software, hardware). Finally there is the
government authority (‘Regulator’ in figure 16), which sees to it that all activities are
according to the regulations.

Flows

The service provides a tracking system for dangerous goods vehicle to follow their routes;
information about the tracked vehicles, its load and other parameters are send to local
authorities, emergency services and to the police — in order to react as fast as possible in
case of an incident or accident.

Road operators and government have to pay a fee to the service provider, as they benefit
from that monitoring service — even the willingness to pay will be very low.

The road operator might receive specially allocated money from the government to install the
system. This could be one of the measures in the framework of a policy plan on reducing
casualties in traffic. Road operators may also decide to pay for the service from their normal
budgets, if benefits outweigh their costs.

System users pay a flat fee to the (mobile) connectivity provider, but are able to reduce
insurance fees as a motivating factor. In order to use the service road users have to pay
(extra) for the equipment in the dangerous goods vehicle and the subscription to a
connectivity service provider. The costs of this may be partly compensated by a reduction of
the fee for the vehicle insurance.

The smaller circle on the left side of figure 16 shows the specific flows for the production and
technical support of the service. These flows are basically data sets and a cash flow of fees
to buy the data sets.
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4.2.4. Highway resting area

Service description

Service which provides truck drivers and fleet operators with an automatic reservation on a
highway resting area in case of e.g. a needed rest, overnight stay, change of driver,
reparations on the truck. Based on dynamic traffic information or real time routing info of the
truck, a re-booking can be performed. The service allows the resting area operator/ parking
zone manager to efficiently plan the use of the available parking spaces.

Conceptual Service Business Model

Figure 20: Value network : Highway Resting Area

Actors

In essence, road users use the service to reserve available parking spaces, rooms or
workshop slots provided by resting area operators based on their needs. The service
provider facilitates the communication between the road users and the resting area
operators. In addition, the service provider uses information about truck conditions, traffic
conditions and geographical information to help road users plan and re-plan slot times if
necessary. The main value of the service is created and captured by road users, resting area
operators and the service provider.

Road users can either be drivers, haulers, third party logistics providers or transport buyers
depending on attributes of the service offer and the market situation. Thus, the service offer
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needs to be differentiated towards different user needs to grow a large user base. A low end
solution can be a simple booking service where drivers call to reserve a parking space,
rooms or workshop slots. In contrast a high end solution towards transport buyers could
include an automatic booking service that ensures goods are transported in a secure and
reliable manner.

Internet access is key to make the service work. This is made available through an internet
service provider and a mobile device provider. In addition, the service provider uses service
platform providers and device software providers to create a technology platform for the
service. The technology platform enables the service provider to make use of information
from traffic information providers and geographic information providers to dynamically re-plan
slot times depending on traffic conditions, truck conditions and geographical locations. The
payment provider facilitates money transfers from the road user to the service provider.
These secondary actors are important enablers to make the service work but do not create
and capture the same value as the primary actors.

Flows

There are three types of flows between the described actors, flows of information, services
and money. The actors’ reasons for participating in the highway resting area value network
are based on the exchanges that take place between actors through the flows. This creates
value for the primary and secondary actors as illustrated below.

- Primary actors — main service value
- Road users — booking of parking spaces, rooms and workshop slots

- Resting area operator — revenue and access to a large customer base and efficient
planning and use of available resources

- Service provider — revenue and a customer base for other service solutions
- Secondary actors — main service value

- Mobile internet service provider — revenue

- Service platform provider — revenue

- Mobile device software provider — revenue

- Mobile device provider — revenue

- Traffic information provider — revenue

- Geographic information provider — revenue

- Payment provider - revenue

Information flows from road users, geographic information providers, and traffic information
providers to the service provider that uses it to supply the service to road users. Services
flows from actors that provide technology support to the service provider and road operators.
Furthermore, the resting area operators supply resources to the service provider that bundle
this service along with facilitated communication and resource booking as a service to road
users.
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Money is transferred from road users that pay for the service to the service provider via the
payment provider and then to the technology support actors, traffic information provider and
geographic information providers. In addition, the resting area operators pay the service
provider to be part of the service and road users pay internet service providers and mobile
device providers to get internet access.
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4.2.5. Urban parking zones

Service description

Service which provides truck drivers and fleet operators with an automatic reservation for a
loading/unloading bay at a distribution centre/point, which includes the actual time plan of the
truck (taking into account delays or early arrivals). It allows the parking zone manager/goods
receiver to efficiently plan the use of the available loading/unloading lots.

Conceptual Service Business Model

Figure 21: Value network : Urban Parking Zones

Actors

Basically, the service allow the road user to get access to loading/unloading bays when
deliveries/pickups are made, allowing the loading/unloading bay operator to use the available
space efficiently and the local government to reduce congestion and traffic problems. The
service provider facilitates the communication between the road users and loading/unloading
bay operator. In addition, the service provider uses information about rout planning, traffic
conditions and geographical information to help road users plan and re-plan slot times if
necessary. The main value of the service is created and captured by the road users,
loading/unloading bay operators and the service provider.

The service is dependent on internet access in order to retrieve information from road users,
geographic information providers, loading bay providers, enforcement providers and traffic
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information providers. This is provided by mobile connectivity service providers and mobile
devices providers to road users and the service provider. The service providers use service
platform providers and mobile device software providers to create a technology platform used
to supply the service to road users. The loading/unloading bay operator use cameras to
monitor the parking spaces and if unauthorized vehicles use them the service provider
automatically contacts the law enforcement provider that tow away the vehicle. The payment
provider facilitates the money transfer between the road user and the service provider. These
secondary actors are central to make the service work but do not create and capture the
same value as the primary actors.

Flows

There are three types of flows between the described actors, flows of information, services
and money. The actors’ reasons for participating in the urban parking zones value network
are based on the exchanges that take place between actors through the flows. This creates
value for the primary and secondary actors as illustrated below.

- Primary actors — main service value

- Road users — automatic booking of loading/unloading bays ensures available parking
spaces and allows for more accurate route planning

- Loading/unloading bay operator — efficiently plan the use of available parking space
- Service provider — revenue and a customer base for other service solutions
- Secondary actors — main service value

- Mobile connectivity service provider - revenue

- Service platform provider - revenue

- Mobile device software provider - revenue

- Mobile device provider - revenue

- Traffic information provider — revenue

- Geographic information provider - revenue

- Enforcement provider - revenue

- Payment provider - revenue

- Government — reduced idling and congestion

Information flows from road users, traffic information providers and loading bay providers to
the service provider that uses the information to schedule and re-schedule slot times.
Services flows from actors that supply technology support to the service provider and road
operators. In addition, the loading/unloading bay operator supply parking space to the service
provider and the law enforcement provider supply law enforcement services. The service
provider make use of all these services and bundle them along with dynamic slot time
planning and offer it as a service to road users.

Road users pay the service provider for the service which pays the technology platform
provider, the traffic information provider, the geographic information provider, the payment
provider and the enforcement provider. Furthermore, the loading bay provider pay the service
provider to be part of the service and road users pay mobile connectivity service providers
and mobile device providers to get internet access.
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4.2.6. Access control Area Monitoring

Service description

The “Access control Area Monitoring” service allows local authorities to manage and monitor
the access of vehicles into sensitive, critical or dangerous areas, based on local policies. This
is to avoid the entrance of vehicles which are not allowed or suited to enter the area (e.g.
dangerous goods load or height / weight regulations).

Access authorization or denial is communicated by the local authority to the vehicle based on
current situation, either after a remote monitoring of the vehicle status, or based on static
policies (e.g. on Sundays access to a specific city area is forbidden).

Areas managed by this kind of control are typically urban (e.g. city centers, city parks
outskirts), but can be also suburban like tunnels or bridges.

Conceptual Service Business Model

Figure 22: Value network : Access Control Area Monitoring

The figure above shows the main actors and their interactions in order to accomplish the
Access control Area Monitoring service.

The main objectives of the service are:
. to increase safety in sensitive or critical areas

. to reduce risks in critical areas from vehicles transporting dangerous goods
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. to enhance environmental sustainability

The service is above all based on information exchange. The service might be mandatory for
some areas or periods of time according to local policies or specific events.

The request to access a monitored area can be automatic (i.e the road user approaching an
entrance of a monitored area receives an automatic alert) or on demand (i.e the road user
asks to enter a monitored area specifying, if needed, additional information like time of
entrance).

The Service Provider uses the CVIS infrastructure to communicate with vehicles and road
users.

Actors
Figure above shows the involved actors.

The main actor managing the service is the Service Provider, the final user is the Road User.
The Service Provider is the intermediary between other actor types:

. Technology providers, like (Mobile) connectivity providers, Service platform providers,
(Mobile) devices software providers and (Mobile) devices providers, that give to the Service
Provider the hardware and software components and connectivity to create own
infrastructure and to provision the service to the road user;

. Information providers, like Regulator and Government that provide useful information
(regulation framework, policies documentation, traffic status, notification of special events,
...) to the Service provider;

. The road user, who receives information from the Service provider in order to access
or not a monitored area.

Government is represented by the local Authorities that are in charge of defining and
enforcing policies for guaranteeing safety in critical areas.

Flows

The Service provider collects information from appointed and reliable sources and makes
available the needed information to the road user in order to access monitored areas. It uses
the road side infrastructure provided by the road operator for Vehicle-infrastructure wireless
communication.

The Service Provider provides two types of information:

. to the road user: information on area access;
. to the government: information and reporting on status and forecast of managed
areas.

The information to decide whether it is possible to enter a monitored area can be real time
(e.g. a strike makes inaccessible a urban area in a specific day) or static (e.g. vehicles with a
certain weight can never pass through an area).

The main money flows for the service can be described as follows:
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. The government pays the service provider to manage and to provide the service;

. The service provider buys (and pays) the hardware and software components and
connectivity from the technology providers

. The government pays the road operator in order to deploy, customise and maintain
the road side infrastructure for Vehicle-Infrastructure (V2I) wireless communication
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4.2.7. CTA (Co-operative Traveller Assistance)

Service description

Service which provides drivers with individual route information taking into account real time
traffic conditions on the track the driver is following and the (planned) routes of the drivers.
Traffic control centres can optimize the overall traffic circulation with the information of the
service. The CTA application will provide awareness to travellers and drivers of vehicles such
as cars and heavy goods vehicles, but not public transport and emergency service vehicles.
The assistance to be provided comprises: pre-trip and on-trip planning, on-trip seamless
service with tracking and rerouting if needed, plus the supply of traffic control centres with
vehicle data. Assistance is provided to Drivers directly from the Service Centre to onboard
unit of CVIS in the Vehicle, and information from Drivers feeds Traffic Control Centres.

Conceptual Service Business Model

CTA is designed for all road-users as well as for road operators (traffic centre) to manage,
organise and optimise traffic flows - figure 20 shows the conceptual service business model.

Figure 23: Value network : Co-operative Traveller Assistance

Actors

In this case information is provided to the following actors: the road user as the service
consumer (in this case all road users), the road operator (traffic centre) to manage the actual
traffic flow, technology support especially by mobile device providers and the connectivity
service provider (internet access) is essentially for real time data transfers.
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Other actors that might be involved are the insurance provider and a traffic information
provider. In addition there are all stakeholders who will make the service possible: the service
provider and all actors behind (geographic information provider: map provider), all actors
regarding the technology support systems (telecommunication, software, hardware). Finally
there is the government authority (‘Regulator’ in figure 20), which sees to it that all activities
are according to the regulations.

Flows

The service provides a real-time traffic management system to provide road users with an
optimal route as well as a powerful tool for road operators to handle and manage traffic. Re-
routing and managing congestion is possible together with this real-time system.

Road operators have to pay a fee to the service provider, as they profit from that assisting
service. For the overall strategy of traffic routing and management (checked by the
‘Regulator’) the CTA service is very effective — the benefits for road operators are necessary
to handle the coming growth in traffic volumes.

System users pay a fee to the (mobile) connectivity provider, but are able to reduce travel
time as a motivating factor. In order to use the service road users have to pay (extra) for the
equipment in the vehicle and the subscription to a connectivity service provider. The costs of
this may be partly compensated by a reduction of the fee for the vehicle insurance. The
onboard unit (maybe a HMI) can easily be upgraded with a e-call system.

The smaller circle on the left side of figure 20 hows the specific flows for the production and
technical support of the service. These lows are basically data sets and a cash flow of fees to
buy the data sets.
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4.2.8. Ghost driver detection (a: Service Provider is owner of the Infrastructure)

Service description

Service which enables ghost drivers (wrong way drivers) to be detected either by roadside
units, vehicles or drivers. Approaching vehicles, equipped with the system, receive a warning
when a ghost driver is detected (‘Ghost driver ahead’). Once a ghost driver is detected, traffic
managers can use the information to initiate the appropriate actions for further warning of
approaching vehicles and the recovery of the ghost-driving vehicle by the emergency
services.

This section explores the way of organising the service where the road-user as well as the
road operator and (other) authorities receive information about ghost drivers.

Conceptual Service Business Model

In case road-users as well as road operators and (other) authorities receive information about
ghost drivers figure 21 shows the conceptual service business model.

Figure 24: Value network : Ghost driver detection (a: SP owner Infra)

Actors

In this case information is provided to the following actors: the road user, the road operator
and emergency services (indicated by ‘Government’ in figure 21). Other actors that might be
involved are the insurance provider and a subsidy provider. In addition there are all
stakeholders who will make the service possible: the service provider and all actors behind,
delivering support to the production of the service. Finally there is the government authority
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(‘Regulator’ in figure 21), which sees to it that all activities are according to the regulations.

Flows
The service provides three types of information:
— awarning to the vehicles approaching the ghost vehicle;

— information to the road operator to handle the incident and for analysis (useful for taking
measures to avoid ghost drivers in future);

— information for emergency services (police, ambulance, fire brigade).

Although the information for the three actors is based on the same data (detection of a
vehicle driving the wrong way) the exact information, which is necessary, differs depending
on the use.

It is assumed that the road users receive the information for free, as well as the emergency
services. The road operator pays the service provider. The service provider and road
operator can be also part of one organisation. The road operator might receive specially
allocated money from the government to install the system. This could be one of the
measures in the framework of a policy plan on reducing casualties in traffic. Road operators
may also decide to pay for the service from their normal budgets, if benefits (fewer measures
related to incidents, more revenues because of a better traffic flow) outweigh their costs.

In order to use the service, road users have to pay (extra) for the equipment in the car and
the subscription to a connectivity service provider. The costs of this may be partly
compensated by a reduction of the fee for the car insurance. The service should decrease
the risks of drivers to be involved in accidents with ghost drivers. Lower risks lead to a
reduction of insurance costs.
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4.2.9. Ghost driver detection (b: Service Provider is not the owner of the
Infrastructure)

Service description

Service which enables ghost drivers (wrong way drivers) to be detected either by roadside
units, vehicles or drivers. Approaching vehicles, equipped with the system, receive a warning
when a ghost driver is detected (‘Ghost driver ahead’). Once a ghost driver is detected, traffic
managers can use the information to initiate the appropriate actions for further warning of
approaching vehicles and the recovery of the ghost-driving vehicle by the emergency
services.

This section explores organising the service where only road-users receive information from
the service provider.

Conceptual Service Business Model

In case the providing of information is focussed on road-users figure 22 shows the
conceptual service business model. As mentioned before, in this case, only the road-user
receives information from the service provider.

Figure 25: Value network: Ghost driver detection (b: SP not owner Infra)

Actors

In this case there are the same actors as described in the preceding service (4.2.7), except
for the road operator and the government. The road operator has no role in this alternative
model. The providing of information on ghost drivers is focussed on the road-users. Road
operators do not get this information. Road operators might get information from another
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service, which is more appropriate, thinking of their specific needs (see the types of
information mentioned above). In this model the government has a role as a subsidy-provider
and as a regulator. Both roles are indicated separately in figure 22.

Flows

The service provides a warning to drivers approaching the ghost vehicle. Also in this model it
is assumed that road users receive the message for free. In order to be able to deliver the
service, the provider needs to receive a subsidy. Governments could offer this subsidy in the
framework of a road safety policy plan on reducing casualties.

Like in the previous model, road users will have to pay (extra) for the equipment in the car
and the subscription to a connectivity service provider. Also in this case the costs of this may
be partly compensated by a reduction of the fee for the car insurance (decrease of risks
leading to a reduction of insurance costs).
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4.2.10. Dynamic speed limit

Service description

This is a service that provides drivers information on the speed limit in force on the specific
road section where they are driving, in relation with their actual speed. This service is about
displaying in-car information on the speed limit and comparing this with the actual vehicle
speed. It should not be confused with systems road authorities use to adapt speed limits
during the day by variable signs, depending on the weather (fog, heavy rain, etc.), traffic
volumes, etc.

Conceptual Service Business Model

Figure 23 shows the conceptual business model of this service.

Figure 26: Value network: Dynamic speed limit

Actors

The road user is the actor who will receive the information. In return the road user could pay
a fee, but also a Subsidy Provider and/or Insurance Provider may play a role in financing the
service. In addition all actors play a role, which will make the service possible such as the
Service Provider, Geographic Information Provider, Traffic Information Provider, etc. Finally
there is the government authority (‘Regulator’ in figure 23), which sees to it that all activities
are according to the regulations.

It is assumed that the service does not provide information on the driver's speeds to the
authorities and/or road operators. Therefore authorities responsible for the enforcement of
speed limits do not play a role in this model, neither do the road operators, thinking of the use
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they could make of actual vehicle speeds to improve road safety or a smooth traffic flow.
Road operators do play a role in the sense that they will provide the speed limits for the road
sections as input for the service. In the model this role is indicated by ‘Traffic Information
Provider’, see figure 23 in the production part.

The Service Provider could be a separate organisation, but the Service Provider could also
be part of the road operator organisation. One could argue that showing speed limits in-car is
an extension of showing signs along the road and therefore a task of the Road operator. On
the other hand one could see the service as a way to obtain extra comfort in the vehicle,
which could be provided by any organisation.

Flows

The service provides a flow of information to the road user. In order to make this service
possible the road user pays a fee to the provider and/or the government (Subsidy Provider)
pays a fee to the provider. Excessive speed is considered as a major factor affecting road
safety in a negative way. If road-users receive information on speeds in-car, this will probably
have a positive influence on respecting speed limits. Therefore, in order to stimulate road
safety, free providing of this information to the road user would be preferable. This would
mean, that the Subsidy Provider (government) would pay all the provider's costs to deliver
this service. Also subsidies for the road-users to partly finance the costs of the equipment in
the vehicles are conceivable. Moreover, road-users could receive a reduction on the
insurance costs, as a result of the expected decrease of the number and the severity of
accidents.
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42.11. Flexible bus lane

Service description

The scope of the service is the optimisation of road capacity use in urban area providing
private vehicles with the possibility of temporarily using the public bus lane based on real-
time traffic dynamics.

In order to use the bus lane, the vehicle has to obtain a temporarily authorization issued, over
the air, by the control centre/road infrastructure. When a bus is approaching, the vehicle
using the bus lane is automatically requested to clear the lane.

Conceptual Service Business Model

Figure 27: Value network : Flexible bus lane

The figure above shows the main actors and their interactions in order to accomplish the
Flexible bus lane service. The service is included in the set of Cooperative Urban Application
(CURB) services.

The main objectives of the service are:

. to increase efficiency of overall urban traffic
. to increase the time effectiveness for the road user
. if applicable, to obtain revenues by using bus lane resources when they are not
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used.

The service operation consists of the following steps:
The road user asks to the Service Provider to use a Bus Lane;

- the Service Provider, according to the schedule and the current location of buses, the
location of vehicles of requesting road users, status of the requested bus lane and traffic
dynamics, give the possibility or the denial to use the Bus Lane;

- If a bus is approaching the vehicle using the bus lane, the vehicle is automatically
requested to clear the lane.

The service can be used against payment of a variable or fixed fee according local policies
and business model.

The Service Provider uses the CVIS infrastructure to communicate with vehicles and road
users.

Actors
Figure 24 above shows the actors involved.

- The main actor managing the service is the Service Provider. The final user of the service
is the road user. The Service Provider is the intermediary between other actor types:

- Technology providers, such as (Mobile) connectivity providers, Service platform
providers, (Mobile) devices software providers and (Mobile) devices providers, providing
hardware and software components and connectivity to the Service Provider to create
their own infrastructure and to provide the service to the road user;

- Institutional information providers, like Regulator and Government that provide
information (e.g. regulation framework, policies documentation to the Service provider;

- Specific information providers, like Geographic information providers and Bus Schedule /
Location Providers, that are actors in charge of providing the maps, traffic information, the
schedule and the current location of buses used by the Service Provider

- The road user, who receives information from the Service provider in order to access or
not a monitored bus lane.

Government is represented by local Authorities that are in charge of defining and enforcing
policies for guaranteeing safety, efficiency and effectiveness.

Flows

The Service provider collects information from appointed and reliable sources and provides
the needed information to the road user to access the flexible lanes.

The Service Provider needs two types of information:
- From the Regulator and Government: regulation framework, policies documentation, ...;

- From Geographic information provider and Bus Schedule / Location Provider: maps,
schedule and current location of buses, traffic status and dynamics, ...
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The main money flows of the service can be summarised as follows:

- The road user pays the Service provider in order to access a “Flexible bus lane” (if
sensitive area is huge or numbers of requests are big, variable revenue model is not
more attractive and can change to a monthly flat fee. Besides, this kind of service can be
bundled on a flat basis with other services);

- The government pays the Service provider to manage and to provide the service;

- The Service provider buys (and pays) the hardware and software components and
connectivity from the technology providers;

- The Service provider buys (and pays) the information received by Geographic information
provider and Bus Schedule / Location Provider;

- The Service provider pays the road operator in order to access and use the road side
infrastructure for Vehicle-infrastructure wireless communication.
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4.2.12. Information application

Service description

Services which provide drivers with real time information on traffic state, incident and travel
time to the city centre via various routes.

Conceptual Service Business Model

Figure 28: Value network : Information application

Actors

Several actors are involved:

- Road users and Government (emergencies and traffic management) as info consumers,
- Traffic information provider and service provider as “information” and service producers,

- Technology support partners supporting the production and the delivery of information
services,

- Regulator (government authorities) providing regulation.

Flows

The traffic information provider collects traffic info as part of its core business and in order to
publish traffic info needs a service provider; in some cases they both belong to a same
company. A service provider can get info from different providers. The exchange of info is
regulated by bilateral agreement defining the info and the revenues. It is opportune to point
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out some information regarding traffic condition, emergencies and safety must be made
available for free, the Regulator provide guidelines.

Service provider usually can provide broadcast services (radio bulletin, RDS TMC, VMS) and
“personalized” services to single road users. In the first case the service is free of charge for
the road user and it is paid by the service provider via self financing (advertising...) or
(sometimes) by public funds. In the second case road user has to pay to get the service
(one-off initial payment or subscription) to get the equipment in car and a subscription to a
connectivity services provider. Government can ask for info for free following guidelines
provided by Regulator and usually it funds traffic info providers and service providers as
public utility service providers.
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4.2.13. Micro Routing

Service description

Service which provides drivers with an alternative route to avoid congestion in urban area
and reduce travel time (e.g. caused by traffic lights).

Conceptual Service Business Model

Figure 29: Value network : Micro Routing

Actors

Several actors are involved:

- Road users and Government (emergencies and traffic management) as info consumer,
- Traffic information provider and service provider as “information” and service producer,

- Technology support partners supporting the production and the delivery of information
services,

- Regulator (government authorities) providing regulation.

Flows

The Micro routing service can be considered a VAS and the service provider asks the road
user for fee on “pay for use” or “flat” subscription bases. Road user has also to pay for the
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equipment in car and a subscription to a connectivity services provider.

Traffic info provider provides the basic elements allowing service provider to set up and
operate the service and share with it revenues (fixed fee, revenues sharing, pay for use ..).
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4.2.14. Speed profile

Service description

Service which enables fluent traffic flow management, supporting driver groups with a group
specific, dynamic speed advice which enables the cars within the group to pass a green
traffic light.

Conceptual Service Business Model

Figure 28 shows the conceptual business model of this service.

Figure 30: Value network : Speed Profile

Actors

Main actors regarding this service are the Road Operator, the Service Provider and the Road
User. The Road Operator has the data on the road network and the data on the traffic control
programmes. In cooperation with many actors delivering technological support and assisting
in the production, the Service Provider delivers the information to the Road User. In addition
authorities have a role regarding regulations and as a possible subsidy provider.

Flows

The Road Operator will deliver data on the road network and traffic control programmes. In
cooperation with the partners the Service Provider will use this data to generate a dynamic
speed advice to send to the road user. This speed advice must be within the speeds allowed
(interaction with the authority as Regulator).
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In order to receive the information, the Road User needs a mobile device in his vehicle that
will offer him a connection to the service provider. For the device as well as for the
connectivity he has to pay a fee. In addition he has to pay a fee for the service itself.

It is expected that because of less stopping and accelerating at intersections, the Road User
will benefit from the service. He will save fuel. In addition positive environmental effects
(reduction of emissions, noise) can be expected. Also positive effects on the traffic flow and
road safety are possible. Because of the positive societal effects, the government may decide
to pay a subsidy to stimulate the service.
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4.2.15. Dynamic Routing

Service description

Service providing route guidance in urban areas incorporating traffic strategies from traffic
control centre. These strategies are designed to balance the load on the network, hence
optimizing the performance of the road network ahead of that of the individual traveller. The
service takes into account the current status of the traffic on the road network.

Conceptual Service Business Model

Figure 31: Value network : Dynamic Routing

Actors

Actors involved in this service are the Road User, the Regulator (authority), the Service
Provider and all actors behind the Service Provider who make the service technically
possible. The Traffic Information Provider is the actor who delivers the traffic data, as a base
for the service. The Service Provider is responsible for changing the data into useful route
information for the Road User. In order to do so the Service Provider cooperates with many
actors for technology support such as the (Mobile) Devices Provider and the (Mobile)
Devices Software Provider.

The Traffic Information Provider can be a part of the Road Operator organisation, but also a
separate organisation. Also the Service Provider could be a part of the Road Operator
organisation (Road Operator’s Traffic Centre delivering this service).
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Flows

The Service Provider delivers route information to the Road-User. In return the Road User
pays a fee to the Service Provider. In order to be able to receive the information the Road-
User pays a fee for the device in his vehicle and the subscription for the communication with
the Service Provider.
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4.2.16. Strategic Routing

Service description

Service providing route guidance in urban areas incorporating traffic strategies from traffic
control centre. Optimizing the performance of the road network.

Conceptual Service Business Model

Figure 30 shows the conceptual business model of this service.

Figure 32: Value network : Strategic Routing

Actors

The service Strategic Routing differs from the service Dynamic Routing (described above)
regarding the introduction of traffic strategies with the objective to optimise the road network.
Therefore in the service Strategic Routing authorities have a different role; here they bring in
the traffic strategies, which have to be taken into account when determining the route advice.
In the model in figure 30 the actor Regulator represents the authorities that bring in the traffic
strategies. For the other actors related to this service can be referred to the description of
Dynamic Routing

Flows

For the flows in this model can be referred to the service Dynamic Routing, except for the
flow and ‘Subsidy’ and ‘Traffic Strategies’. To optimise the performance of the road network,
in this approach authorities formulate traffic strategies, which must be used to determine the

15/03/2010 66 Version 31



" Costs, benefits and business
models

route guidance advice. Note that the route guidance that the road user will receive in this way
is not necessarily optimal for that individual road user. The service will optimise the network
performance, not the individual wishes of the road user. One may argue that this should also
have consequences for the way of financing the service. Because the implementation of
traffic strategies is in the authorities’ interest, they might also contribute substantially to the
costs of the service (authority in the role of ‘Subsidy Provider’, see figure 30).
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4.2.17. Traffic Control Assessment

Service description
Service which assesses local traffic strategies based on real time traffic information.

Conceptual Service Business Model

Figure 31 shows the conceptual business model of this service.

Figure 33: Value network : Traffic Control Assessment

Actors

Several actors are involved:

- Government (traffic management) as service consumer,

- Traffic information provider and service provider as “information” and service producer,

- Technology support partners supporting the production and the delivery of information
services,

- Regulator (government authorities) providing regulation.

Flows

The government (mainly in its traffic and transport branch) is the client of the service.
Government has a strong interest in control and assess the behaviour of local traffic
strategies and it is willing to pay the service using public funds.
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The service is operated by a service provider on the basis of data produced by traffic info
provider; in some cases they both belong to a same company. The exchange of info
between them is regulated by bilateral agreement defining the info and the revenues.
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5. Primary Stakeholders

5.1. The Primary Stakeholders

Figure 34: Primary Stake Holders

The Primary Stakeholders in these business models include public and private sector
entities:

Motor vehicle manufacturers industry represented in the CVIS by a coalition of original
equipment manufacturers (OEMs) each of which may have several component supplier (4)
and partners in the production (5) of its new products and services).

Public sector transportation infrastructure owner/operators

Government — as policy maker and funder of public transportation systems of national
significance, and representing the interests of the road-using public.

In addition to these Primary Stakeholders who are responsible for CVIS system performance,
other stakeholders include private communications network service providers, equipment and
systems suppliers to the Primary Stakeholders ,and other providers of transportation-related
convenience and content services that may support OEMs in their supply of services to their
customers.

5.2. Value Propositions Stakeholders

The propositions involve the establishment of entirely new services, or new levels of existing
services. Each of the Primary Stakeholders has characteristic value proposition:

The OEM value proposition involves a commitment to rolling out compatible OBU on a
given schedule in return for a public sector commitment to supply the infrastructure
necessary to support a national market for the range of services that the OBU may support
that, in turn, justifies the OEM investment. The public sector will also be expected to utilize
the anonymous vehicle data in providing certain services. OEMs will develop products and
services with a range of automotive and electronics component suppliers within their own
proprietary value chain. OEMs may also be involved with third party services suppliers in
providing a range of other basic services provided to all vehicle users. However, given the
competition among OEMSs and their prospective third party service provider-partners, as well
as their proprietary interests in varied service offerings, full and open discussion and analysis
is not appropriate. Some of the returns-on-investments for OEMs will be indirect, through the
ability to influence customer brand selection and reduce churn by using continuing service to
maintain continued customer loyalty, as well as to develop new sources of fee income.

The public sector value proposition involves providing the initial RSU and backhaul
communications in order to obtain the significant future safety payoffs that cannot be
obtained through infrastructure improvements alone. CVIS is also presumed to substitute for
other more expensive infrastructure-based approaches to traffic management, both existing
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and contemplated.

Third party commercial service value proposition involves providers including those
involved in both network services and other driver convenience services. One major third
party transaction will involve providing network services. A range of other possible
commercial transactions between third party private service providers and OEMs is expected
to provide a range of public service applications and consumer services.

The customer (vehicle users) value proposition is based on an assumption (by both
government and private sector are assuming interest in the safety and mobility services
expressed both through support for the CVIS and via and an interest in new vehicle features,
including, in some cases, a willingness to pay for premium services.

5.3. Value Propositions among Stakeholders

There are ways to examine these issues and their implications. Each stakeholder, public and
private, has some kind of relationship with other stakeholders. Many of these are pure
business relationships among the OEMs and their suppliers or business partners and
customers. Others must be forged as formal agreements or mutual commitments between
public and private sector stakeholders.
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0. Bundle of services

6.1. CVIS market introduction

ITS systems and services are introduced by either policy or market introduction, which in
some situations may coincide. Policy drivers relate to safety, efficiency, the environment
social goals and the need to support a healthy economy. The important role the policy in
introduce Cooperative Systems could play is showed by the Dutch government introducing
their tolling service and possibility to combine this with Cooperative Systems. Their main
approach to the latter is by trying to provide transport infrastructure and facilities which
support a competitive European market. Market drivers are often more straightforward. A
product must be sufficiently attractive for it to be purchased at a price and in sufficient
numbers for a profit to be generated. It may or may not contribute to any governmental policy
targets but governments / EC can regulate to control standards and use. This is not always
effective because the decision processes of industry and those of government can be very
different in character and timing. Cooperative systems that connect vehicles to one another
and to the road will only be successful if it is accepted, implemented and ultimately used by
consumers or forced by a European directive like for eCall that enforces the installation by
OEMs.

As with all new technologies, consumers tend to adopt new systems at different rates. The
first consumers to adopt a CVIS system will likely be those who spend substantial time in
congested traffic and are more eager than others to save time through advanced notification
systems. Additionally, those who value their time at higher rates will be more willing to accept
and pay for new technology. Those who have experience with advanced technologies may
also accept the system earlier than others. Consumers, who own navigation systems (60% of
the consumers in the Netherlands) or cell phones with an internet connection (100% of the
consumers in the Netherlands) may be more willing to accept monthly service fees to
enhance their real time information — provided they can access information using the
technology they already own. For others, the initial cost to access a CVIS system may deter
them from testing the system as quickly. Adoption rates are ultimately determined by the
actual cost to consumers. If the CVIS system requires users to both purchase a device and
pay a monthly service fee, it may be harder to convince them to invest.

So consumers could be divided into five categories.

- Innovators: Willing to experiment with new technology

- Early Adopters: Will adopt because they have special problems to solve
- Early Majority: Will adopt once an innovation is considered mainstream
- Late Majority: Come late to adoption because they are risk averse

- Traditionalists: May never adopt the innovation

This is a pattern of adoption traditionally seen with the introduction of most new technologies.
It would suggest that the majority of people will accept and implement the CVIS system
element only after innovators use it and early adopters approve it as a solution to
transportation problems. However, a CVIS system will rely on information from multiple
sources and will be most useful (or successful) when the majority of vehicles on the road are
participating. The CVIS system may not be sustainable with a slow rate of adoption.
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6.2. Cooperative systems and the phenomenon of “critical
mass”’

Cooperative systems use a technology with network effects. The “network effect” says that
the value of the good or service is directly related to the number of users and, the more users
there are, the more valuable the good or service becomes Network effects mean that the
larger the distribution of a technology, the larger its value for every user. Cooperative
systems are also characterized by the phenomenon of critical mass. Before this threshold is
reached, they will not generate benefits. So, when network externalities are strong, a large
proportion of consumers may not be willing to purchase a good unless the number of existing
users exceeds a threshold network size. This leads to the critical mass effect, a sudden rapid
increase in the network size.

The concept of critical mass formalizes the "chicken and the egg" paradox that logically
arises in such markets, namely: many consumers are not interested in purchasing the good
because the installed base is too small, and the installed base is too small because an
insufficiently small number of consumers have purchased the good. The “bandwagon effect”
refers to the notion that the likelihood a person will adopt a certain technology increases with
the number of people who have already adopted it. Non-users are more readily convinced of
the value of a technology product or service if a significant number of other people are
already using it. Both of these theories would be evident with the CVIS system. The rapid
development of such a system would make the services and features used by early adopters
more valuable as better information from more vehicles became available. At the same time,
the greater the number of CVIS users. The easier it is to convince non-users that they should
adopt. Creating excitement and enthusiasm for the CVIS system, as well as uses and
benefits that are not dependent on information from many vehicles, will be important to
attracting early adopters and eventually reaching a critical mass.

Since cooperative system rely on communication from multiple vehicles, its success relies on
its ability to penetrate the market. If only a handful of “innovators” adopt the system and only
a few (if any) vehicles communicate with each other and the road, will they still receive
satisfactory service? If not, the system is likely to crumble. If innovators cannot use the
system to its fullest, other consumers may never decide to join the market. This may mean
that incentives will be needed to spur adoption. It may ultimately be necessary to incentivize
consumers in order to induce mass use of the CVIS system. Unlike the telecom industry, the
CVIS system may not be able to wait for the natural progression of technology adoption and
may, instead, need to find ways to encourage rapid adoption.

6.3. Roles of Stakeholders

In principle the socio-economic approach of Cost Benefit Analysis takes the cost and benefits
of all stakeholders in an economy into account. The negative effect of one stakeholder can
be a positive effect for another. So for the society as a whole, the positive and negative
effects are summed but the distribution between the various stakeholders can greatly affect
the way that an ITS service is perceived. Governments are one important stakeholder,
private sector decision makers may have different requirements in terms of ITS performance
than those that are required by other societal groups.

Different stakeholders have different perspectives. The authorities for example must consider
how to improve the overall goals they want to achieve, which could be of a general nature as
reduced environmental impact from road transport, improved road safety, more efficient use
of the road transport system and eventually also regional development goals. But there could
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also be more immediate objectives related to the public authority as an operator of the
charging system e.g maximizing revenues or minimizing costs or safety risks.

The development of the bundle services should therefore be performed with respect to
different perspectives:

» The government perspective is to support transport policy goals.

» The road users’ perspectives are comfort, risk reduction, efficiency and safety.

» The industrial perspective is to build effective logistics systems.

6.4. Effects of Bundles !

Some functions can be grouped together into “bundles” based on the use of a common
technology platform or sharing a service delivery mechanism. This can reduce costs because
of sharing of components and synergy of services. Redistributing the benefits from such
bundles is difficult as, for example, benefits cannot be gained by reducing accidents that
have already been prevented by a previous part of a “bundle”. As a consequence the
incremental benefits may be small, they will depend on the technologies implemented and it
is not possible to calculate them in detail in this overall analysis. However, several principles
are clear:

Bundling services does reduce overall costs and raise attractiveness and so helps
penetration and paves the way for further developments by gaining market and driver
confidence.

Some of those services are beneficial as they generally have a large impact (for example on
all accidents by reducing speed). Additional services can be beneficial provided their benefits
accrue in areas not already gained by reducing speed — e.g. in allowing greater capacity. The
additional costs may only be at the margin, e.g. minor additional functionality and hence the
benefit to cost ratio may become attractive.

However, although costs are reduced through reduced duplication, simply bundling many
functions together is still unlikely to give the benefit level required to be justified in overall
terms, given the small benefit to cost ratios they already show. Depending on how the major
services evolve, some bundles may become viable but it is not possible to identify these at
present. Even so, the overall conclusions from the cost benefit analysis are unlikely to
change as a result of some bundling together of services.

Hence a bundle for vehicles gives good quantifiable benefits to the driver and society as well
as softer benefits discussed later and it addresses most accident problems.

6.5. Classification and overview of CVIS services

The grouping of the above user services into 3 bundles were based on a number of criteria
and priorities of the different stakeholders in CVIS. In some cases, the grouping was based
on the institutional perspective of the organisation that will deploy the service. In other cases,
user services that share the same technical functions were grouped together. For example a
bundle was defined to group the services related to public policy implementation. It should be
noted, that as these technologies and systems need to be deployed in the future, more
services will be added, as it will broaden the scope of cooperative applications and yields a
positive business case out of it. But above all, they should meet the following requirements:

They are of interest for many stakeholders.

They may share part of investment costs, but only to a limited extent.

! Development study for Cooperative Vehicle highway systems (CVHS), Deliverable 6 - The CVHS
Business Case
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They aim at increasing support for application, or support other public transport policies.

The first exercise of classification of CVIS services was made by the DEPN partners. This
was made in terms of transport policy objectives. The services may more or less contribute to
the overall objectives of improving the environment, increasing road safety and transport
efficiency as well as regional development. In other cases this grouping was made in terms of
offering or production of the CVIS services and the added value at the local, national or
international level. The following table illustrates a classification made of some of the services
identified (1= high contribution; 3=small contribution).

Table 2: CVIS Service Classification

As it could be seen from the above table, CFF (dangerous goods grouping), access control,
ghost driver & dynamic speed limit and the priority applications meet the Safety transport
policy objective. Whereas, the parking zones grouping, access control, CTA, and all the
CURB applications meet the traffic efficiency transport policy objective.

Another very helpful source for choosing for the services bundles was the ETSI TR 102 638
V1.1.1 (2009-06) document "Technical Report-Intelligent Transport Systems (ITS); Vehicular
Communications; Basic Set of Applications; Definitions” produced by ETSI;
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The below table shows the classification for the services bundles:

EFFICIENCY

SAFETY

PUBLIC SERVICES

Traffic information

Approaching
vehicle (V2V)

emergency

Electronic toll collection

Enhanced route guidance and
notification

Emergency electronic brake
lights

Regulatory / contextual speed
limits

Fleet management

Co-operative glare reduction

Road user charging

Intersection (Only dangerous
Cross)

Slow vehicle warning

Congestion User charging

Traffic light optimal advisory
speed

Co-operative forward collision
warning

Road restricted access, detour
notification

Decentralized floating car data

Automatic access control

Hazardous location notification
(wind, ice, etc..)

Point of Interest notification

Road obstacle warning

Approaching emergency | Safety function out of normal
vehicle (V2I) condition warning

e-call or emergency
Eco-driving assistance service (?)
Car rental/sharing

assignment/reporting

Floating car data

Loading zone management

Table 3: the classification for the services bundles

6.6.

Implementation Scenarios

Scenario is defined to be a snapshot view of a possible (usually future) set of circumstances.
Scenarios are created so that predictions can be made about the effects of introducing new
ITS (in this case, cooperative systems) in road transport.

In this deliverable we did not take into account the classical methodologies of producing
scenarios taken into account approaches to CVIS system introduction should be solely
market driven, or solely regulated by government. This is a delicate aspect, because an
innovation like CVIS, which aims at improving safety and efficiency all across Europe and for
all the drivers, should be ideally mandatory. But there are many obstacles related to costs,
system integration on the existing vehicles, standardization and so on. This is the reason why
it's necessary to mediate and find out a compromise between the voluntary adoption of the
system and the compulsory installation on the vehicles. That is why for CVIS diffusion it
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would preferable to follow a double approach, which sums the intervention of the government
(with the introduction of common rules and common standards), to a market driven solution.

Thus a private- public partnership will be needed for cooperative systems to synchronize the
deployment of vehicle embedded ITS systems with the deployment of an interoperable
suitable ITS road infrastructure. The CVIS business models would depend on via:

. Public (safety and efficiency driven)
. Commercial (freight and fleet services)
. Personal (traffic info services)

These scenarios are not exclusive and it is likely that all three will be pursued by various
actors of the cooperative chain at the same time.

6.6.1. Personal scenario (focus: traffic information services)

Deployment Scenario characteristics

Driving forces: Consumers want real-time traffic information & route guidance to help avoid
congestion; consumer electronics offers portable devices with good performance for low
price; integrated devices still expensive and inflexible; traffic information services often
disappointing; FCD collection & info services starting to take off.

Services: FCD collection, real-time traffic & road status, incidents, congestion avoidance
through dynamic navigation (on-board) and route recommendation (off-board)

Maturity: proprietary systems based on 2G/3G in market now; no short-range
communication integration, no traffic system-vehicle interaction; R&D quite advanced; large-
scale FOTs in planning.

OBE: Cellular connected handheld / portable systems provide route guidance with real-time
traffic information; CVIS application software & 5.9GHz short-range comms could be
integrated

RSE: To start, only cellular network needed; short-range comms not needed for FCD or
traffic info services

Main Actors: Traffic info service provider, navigation/route advice service providers, telecom
operator(s)

Deployment: High potential for service as smartphone apps; possible additional service in
aftermarket nomadic navigation systems; limited potential as embedded services linked to
single provider; issue for aggregation of FC Data from various providers; issue for
communication tariffs of telcos

Business model aspects

Pricing model: pay as you drive. The cost of the service is completely in charge of the user.
The user will pay for the CVIS service either independently or in a bundle.

Type of agreement: private
Possible financiers:

Fleet operators (typically cars driving in a fleet, such as courier services and taxi drivers) are
equipped with the CVIS OBU. The data are then communicated with the service provider
using CVIS technology.

OBU suppliers

Service operators (e.g. telecommunication operators)
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6.6.2. Commercial scenario (focus: commercial freight and fleet services)

Deployment Scenario description

Driving forces: a) growth of networking in logistics will extend to the vehicle, driver & cargo
— all will need to be “always connected” b) pressure to reduce costs, increase reliability &
profitability ¢) new regulations on truck operations, especially in cities

Applications: access control / loading zone & parking booking /electronic tolling
Penetration: <10%
OBE: aftermarket solution

RSE: Pressure will grow on city authorities, road operators to create “intelligent
infrastructure” — to battle congestion, environment.

Main Actors: freight operators, (cargo fleets, courier fleets, taxi fleets, bus fleet), local
authorities, Telecom providers, navigation providers

Deployment: In the short term, co-existence of non-CVIS equipped vehicles with CVIS
vehicles as both will have different methods of operating. Freight operators and drivers
should be engaged to include their user needs into the system design.

Business models aspects

Pricing model: pay as you drive. The cost of the service is completely in charge of the user.
The user will pay for the CVIS service either independently or in a bundle.

Type of agreement: public / private (concession agreement)
Possible financiers:

Fleet operators (typically cars driving in a fleet, such as courier services and taxi drivers) are
equipped with the CVIS OBU. The data are then communicated with the service provider
using CVIS technology.

OBU suppliers

CVIS service operators

6.6.3. Public Scenario (Focus : Public Policy - efficiency driven)

Deployment Scenario description

Driving forces: In this scenario the strong demand for mobility services and comfort is the
crucial driver of change. From the consumer’s perspective, the focus is no longer on different
transport systems, but on precisely tailored solutions for individual mobility needs which differ
according to situation.

Applications: car sharing, eco-driving, find parking and charging station of electronic
vehicles, access management, real time route planning and rerouting, intersection & priority
applications

OBE: distributed for free or subsidized (at a low cost)

RSE: Pressure will grow on city authorities, road operators to create “intelligent
infrastructure” — to battle congestion, environment.

Main Actors: CVIS will be financed (fully) by the road operators and the users (through
taxes). They will install the technological infrastructure along the roads.
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Business model aspects

Pricing model: The cost of the service is fully paid by government.
Type of agreement: Public

Possible financiers:

Public Authority

Fleet operators (typically cars driving in a fleet, such as courier services, car sharing and taxi
drivers) are equipped with the CVIS OBU. The data are then communicated with the service
provider using CVIS technology.

OBU suppliers

CVIS service operators
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7. The Economic Validation

7.1. High Level Calculation Approach

7.1.1. Calculation Architecture

Figure 35: High Level Calculation Approach

To be able to calculate the estimated profitability of the different implementation scenarios
the above displayed calculation architecture is designed. In this model are benefits and costs
dimensioned based on the research of the Department for Transport (Dft.) in the United
Kingdom, the different costs inventories among the CVIS partners and other desk research
results.

The model starts with the scope of the analysis determined by the description of the road
infrastructure. Based on the scope of the road infra structure the benefit potential is estimated
in the benefit derivation based on a reference situation derived from research data coming
among other mainly from the Department for Transport in the UK.

The annual benefits are the capture of the benefit potential by a certain implementation
scenario in a certain infrastructure scope. In the capture of benefits the substitution of
services within a implementation scenario is taken into account.

The needed CVIS infrastructure is estimated based on the road infrastructure in scope and
the infrastructure design characteristics. In the cost inventory for all the infrastructure
components the costs types and cost structures are determined and listed.

The benefits and the cost are projected for a period of 25 years based on a chosen service
(market) penetration scenario. The projected benefits and costs are resulting in the projection
and analysis of the future cash flows and the marginal analysis on the level of vehicles and
traffic kilometres.

In the end the effects of the distinguished risks on the probability of the estimated cash flows
are determined by calculating the spread of the estimated net cash flow.

A representation of the high level calculation model can be found in the appendix
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7.1.2. Scope

The scoping is done by determination of the road infrastructure and the types of vehicles in
scope. The road infrastructure is described by the road length of different road types and the
average number of junctions and intersections per KM.

To determine the number of vehicle, the flow and the traffic related to the road infrastructure
in scope a certain reference area from the UK is chosen. Based on the research data that is
collected by Department of Transport in The UK in this area the expected number of vehicles,
the flow and traffic are estimated.

To be able to distinguish the differences in attractiveness as a result of road infrastructure
characteristics there is chosen for a road infrastructure scope with 100 km road length for all
the five different road types. By setting the scope in this way and not taking a test site
situation it becomes possible to compare and analyse the economic attractiveness for all the
different road types.

7.1.3. Scenario and Service Inventory

In this part of the model the implementation scenarios are modelled by determining which
service will be applicable in which implementation scenario. The following scenarios are
determined out of the total service portfolio of Cooperative Freight & Fleet (CFF),
Cooperative Inter Urban Applications (CINT), Cooperative Urban Applications (CURB) and
Cooperative Monitoring (COMO).

Personal Scenario Commercial Scenario Public Scenario

Services: Services: Services:

- CTA ( Corporative - DRG (Dynamic Route - DRG (Dynamic Route
Traveller Assistance) - Guidance) (use case) - Guidance) (use case)

- GD (Ghost driver - Monitoring (use case) - CTA ( Corporative
detection) - PB (Highway resting Traveller Assistance)

- SL (Dynamic speed limit) - area) - GD (Ghost driver

- FBLA (Flexible bus lane) - Urban parking zones detection)

- Information application - SL (Dynamic speed limit)

- Priority FBLA (Flexible bus lane)

- Micro Routing

Information application

- Priority

- Micro Routing

- SP (Speed Profile)

- Dynamic Routing

- Strategic Routing

- TCA (Traffic Control
Assessment)

- XFCD Events

- Travel Time estimates

- Dynamic travel signs to
Vehicle

- Local traffic state

- Network Monitoring

Table 4: Scenarios

Where the personal Scenario contains all specific services directly in the interest of the
private driver and where the commercial scenario addresses those services that are directly
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in the interest of the commercial (truck) driver, the Public scenario contains all services that
have a direct public interest and are possible of private and commercial interest.

To analyse the effects of services per benefit category (Safety, Efficiency, Vehicle Operation,
Environmental) a scenario is added per benefit category containing only those services that
are addressing benefits in this certain benefit category.

7.1.4. Overlap of Service Effects

Within a certain scenario the substitution of services is accounted by creating a service effect
overlap matrix per benefit category. Of those services that can be evaluated as substitutes
the strongest effect of one the services in this group counts and the effects or not
summarized as is which is done with services that have complementary effects.

Figure 36: Service Overlap Matrix Safety Benefit Category
7.1.5. Vehicles Reported

The amount of estimated number of vehicles per vehicle type per KM road type in scope are
derived from research data from the Department for Transport in the UK and Road Traffic
Statistics & Vehicle Licensing data. The actual number of licensed vehicles are distributed
over the road types based on the distribution based research data from the Department for
Transport in the UK according a chosen reference model (area).

7.1.6. Casualties Reported

The estimated number of accidents per Km road type per accident type, per accident impact
are based on research data from the Department for Transport in the UK according a chosen
reference model (area). The accidents are in the model distributed over the different vehicle
types. The different accident types distinguished are : Rear-end ; Speeding; Off-road and
other accidents. The different accident impacts distinguished are: injury and damage only.

7.1.7. Congestion Reported
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The congestion is expressed as the delay in time as a result of not being able to drive the
maximum speed. Congestion is therefore the time related to the difference between speed
limit and the average speed measured. An example:

KM / Hour Seconds per KM
Average Speed 90 KM / hour 40 Sec. / KM
Speed limit 100 KM / hour 36 Sec. / KM
Los 10 KM / Hour 4 Sec. / KM (Time lost)

To estimate the congestion times per KM road type there is research data used according a
chosen reference model (area) of the Department for Transport in the UK. In the model there
are two types of congestion distinguished. Congestion that is related to accidents and
congestion that is not related to accidents.

7.1.8. Infrastructure

The infrastructure is broken down into the 4 major components: Onboard Unit (OBU); Road
Site Unit (RSU); Traffic and Control Centre (TCC) and Communications.

The actual number of OBU’s is driven by the number of Vehicles in scope. The number of
vehicles in scope are driven by the base number of vehicles, the demolishing rate, the
repurchasing rate, the rate of purchasing new vehicles and the Service penetration rate.

Figure 37: Infra Structure Screen

The number of Road Side Units is driven by the road length in scope, the transmitting reach
of the RSU and the number of junctions and intersection. Road site units have to connect
mutually and for example with a reach of 400 metres there will be 2.5 RSU needed per KM
road. Next to the RSU’s along the road are a number of RSU placed at every Junction and
intersection. The actual number of RSU’s is depending on the Service penetration rate and
the steps in the capacity growth to meet this penetration rate.
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The actual dimensions of the TCC are depended on a fixed amount of capacity per
functionally and a variable amount of capacity depending on the number of calls, the average
call duration per call type, the market penetration rate and the steps in the capacity growth to
meet this penetration rate. Also the needed redundancy of hardware is taken into account.

The Communication is split up in communication to service the OBU, communication to
service the RSU and communication to service the TCC. We distinguish communication via
UMTS (2G/3G), Wireless Local Area Network (WAN) and Infra Red. The UMTS (2G/3G)
communication is divided into communication with a 100% availability requirement and a non
real-time communication that allow data storage. The unit of measure is the number of
connections of certain communication type. The TCC connections are fixed and the OBU and
RSU connections are driven by the number of OBU’s and RSU’s and therefore by the Service
penetration rate.

7.1.9. Cost Inventory
In the cost inventory all the initial, annual and total infrastructure costs are calculated taking
into account the life cycles and the capacity steps of the infra structure components.

The following costs types of the infrastructure components are included in the cost inventory.
The initial costs of the purchase of infrastructure components. The Initial costs involved with
the installation or implementation of the component. The operational staffing costs per
component. The annual costs of renting or owning the needed premises per component.
Other annual operational costs and the annual costs of maintaining the component.

Figure 38: Cost Inventory Screen

7.1.10. Benefit Inventory

In the benefit inventory the effects of the application of the services in the areas of safety,
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efficiency, vehicle operation and environment are determined and calculated for all benefit
categories per road type. The benefit rationale in the area of safety is build on the reduction
of the costs involved with rear-end, speeding, run of road and other accidents. The benefit
rationale in the area of efficiency is build on the reduction of the costs involved with accident
and non-accident related congestion. The benefit rationale in the area of vehicle operation is
build on the reduction of fuel consumption as a result of reducing the traffic and a efficient
consumption of the fuel per KM traffic. The benefit rationale in the area of environment is
build on the reduction of pollution as a result of reducing the traffic and a efficient
consumption of the fuel per KM traffic.

Benefit Derivation and Annual Benefits

In the benefit derivation the research results of Department for Transport are combined and
translated into a extensive model to be able to calculated the total benefit potential
differentiated to benefit area, vehicle type, accident type, accident impact and road type. The
results of the benefit derivation and the benefit inventory are used to calculate the annual
benefits, For a detailed derivation diagram see Appendix In annual benefits the yearly
benefits are calculated based on the scope, the benefit derivation and the benefit inventory.
The annual benefits results are used for extrapolation in the benefit projection.

Benefit Aggregation

To be able to aggregate the benefits of the different services that are combined in a certain
scenario the substitution of services has been taken into account. For those services within a
scenario that have the same effects the service with the highest impact within this group is
summarized with the effects of those services that are not be distinguished as substitutes.

7.1.11. Penetration Scenario

Service Penetration

In this part of the model is the service penetration or market penetration projected over a
period of 25 years conform most of the infrastructure investments. For CVIS there is chosen
for three penetration scenarios in line with the Save Spot scenarios. First, the fully private
Technology Push Scenario with a penetration of 10% in 2015 till 80% in 2035. Second, the
Public Good Scenario with a penetration of 10% in 2020 till 50% in 2035. At last the
Extended Traffic Management Scenario with a penetration of 10% in 2015 till 80% already in
2025. For a presentation of the CVIS scenario’s see diagrams below.

Generally you can aggregate the 3 CVIS penetration scenarios to three main scenario’s.
First the Desired Scenario, representing a rapid penetration of the market within first third
part of the life cycle. Second, the Typical Scenario which starts slow with a rapid growth in
the middle of the life cycle period. And third the Undesirable Scenario where the growth starts
after the half of the life cycle period. For sake of the analysis the typical penetration scenario
is chosen as base scenario. For a presentation of the general scenario’s see diagrams
below.
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The Technology Push Public Good, Extended Traffic Management

Diagram 39: CVIS specific penetration scenario’s

Desired scenario Typical scenario Undesirable scenario

Diagram 40: Generic penetration scenario’s
Vehicle Population Projection

The estimation of the vehicle related costs and benefits is depending on the development of
the vehicle population. The vehicle population projection is derived from estimated base
vehicle volume in scope adjusted for the growth as a result of demolition and the purchase of
vehicles. The actual vehicle population projection is adjusted for service penetration resulting
in a final vehicle population projection. For an example of vehicle population projection see
the diagram below.

Diagram 41: Final Vehicle Population Projection
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OBU Penetration

The actual amount of On-Board Units is estimated based on the final vehicle population
projection and therefore on the service penetration, taken in to account the OBU- Life Cycle
and the distribution of the OBU-growth over new and existing vehicles. For an example of the
OBU penetration see the diagram below.

Diagram 42: On board Unit Penetration
RSU Penetration

The estimation of the number of Road Site Unit is based on the service penetration, taken
into account the RSU-life cycle, the capacity steps and the distribution of the RSU-growth
over autonomous and Integrated equipped RSU’s. For an example of the RSU penetration
see the diagram below.

Diagram 43: Road Site Unit Penetration
TCC Penetration

The estimation of the Traffic Control Centre Penetration based on the service penetration,
taken into account the TCC-life cycle and the capacity steps. For an example of the TCC
penetration see the diagram below.
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Diagram 44: Traffic Control Centre Penetration
Communication Penetration

The estimation of communication capacity is based on the penetration of OBU’s, RSU’s, TCC
and the demanded real-time or delayed communication capacity per UBU, RSU and TCC.
For an example of the Communication penetration see the diagram below.

Diagram 45: Traffic Control Centre Penetration

7.1.12. Cost Projection

Diagram 46: RSU Cost projection

Based on the penetration scenario results all the periodic and cumulative costs are projected
over a period of 25 years representing the cash outflow. For an example see the diagram
above representing a periodic and cumulative projection of the RSU costs.

15/03/2010 88 Version 31



" Costs, benefits and business
models

7.1.13. Benefit Projection

Diagram 47: Safety Benefit projection

Based on the penetration scenario results all the periodic and cumulative benefits are
projected over a period of 25 years representing the cash inflow. For an example see the
diagram above representing a periodic and cumulative projection of the Safety benefits.

7.1.14. Marginal Analysis

Diagram 48: Examples of Marginal Analysis

In the Marginal Analysis the profitability effects of an certain implementation scenario is
analysed on the level vehicle and kilometre traffic. The marginal analysis shows for an certain
implementation scenario at which volumes (# vehicles or # KM traffic) the scenario is
profitable or is going to make a loss. As showed in the diagram below the growth in volume
will be unprofitable at the volume level where marginal costs (light blue line) are not covered
anymore by the marginal revenue (orange line). This crossing point determines the maximum
volume while still making no marginal losses. At this specific volume level the total costs
(green line) should be covered by the average revenue. Is that the case the scenario is
evaluated as profitable. Is that not the case the scenario is evaluated as unprofitable.

The marginal analysis is used to determine for a specific scenario if and in which extent there
is a need for subsidizing trough public funding. The blue area’s in the examples above
represent the need for public funding. The marginal analysis is done from the perspective of
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the number of vehicles and from the perspective of the number of kilometres traffic. The use
of these two perspectives makes it possible to evaluate the differences in the pricing models
fixed fee per vehicle and pay as you drive per KM.

7.1.15. Cash Flow Analysis

Diagram 49: Discounted Cash Flow

In the next step are the cost and profit projections combined to a projected cash flow over a
period of 25 years. The effects of price elasticity of demand and Economies of Scale are
integrated modelled in the cash flow projection. Price elasticity of demand (PED) is defined
as the responsiveness of the quantity demanded of a good or service to a change in its price.
Economies of scale are defined as the cost advantages that are obtained due to expansion.
The projected cash flow is discounted for two discount rates which reflect the assumed
weighted average cost of capital (WACC). The WACC is the minimum return that a company
must earn on existing asset base to satisfy its creditors, owners, and other providers of
capital, or they will invest elsewhere.

As a result of the analysis of the cash flow the following indicators will be determinate:

The Payback period. The period of time required for the return on an investment to "repay"
the sum of the original investment;

Return On Investment (ROI); The ratio of money gained or lost (whether realized or
unrealized) on an investment relative to the amount of money invested. The ROI is calculated
for the Capital Expenses (CAPEX), the CAPEX & Operational Expenses (OPEX), and for the
discounted CAPEX & OPEX.

Net Present Value (NPV); The sum of the present values (PVs) of the individual cash flows,

Internal Rate of Return (IRR): The rate of return at which the costs of the investment lead to
the benefits of the investment, or where the NPV is ZERO.
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7.1.16. Risk Projection

Diagram 50: Risk Projection

In the last stage of the model the risks are determined and the consequences of those risks
for the probability of the estimated cash flow are calculated. Taken into account that the
WACC next to the risk free rate incorporate a risk premium the net cash flow is used in the
risk projection and not the discounted cash flow. In the risk projecting the risk is represented
by the spread around the net cash flow. The spread is determined based on the increasing
uncertainty by time and the specific distinguished risk factors. The spread gives a
representation of the probability that the net cash flow is realized. See the diagram Above.

In the risk projection the following risks are distinguished:
1. User Acceptance
2. Legal/Regulatory
3. Lack of Political Will
Deployment/Business Planning
Competition

4
5

6. Misuse of Data
7. Equipped Infrastructure

8. Communication

9. Over-reliance External Systems
10. Driver Deskilling

11. Environmental Problems

12. Inability to Market Effectively
13. Criminal Acts

14. Financing

15/03/2010 91 Version 31



" Costs, benefits and business
models

7.2. Road Infra Structure Scope

The road infrastructure scope is determined by taken a equal road length per road type of
100 km road length for all the road types. With all vehicles types in scope this leads based on
the London reference model to the following annual flow, average number of vehicles and
annual traffic.

Distance Annual Flow Average Annual Traffic

Km # Vehicles # Vehicles Km
Motorway 100 61.867.500 169.500 127.219.940
Major Rural Road 100 16.719.355 45.806 9.920.875
Minor Rural Road 100 155.793 427 24.108
Major Urban Road 100 602.833 1.652 9.234.522
Minor Urban Road 100 7.767 21 89.669
Total 500 79.353.248 217.406 146.489.114

Table 5: Road Infra Structure Scope

The road infrastructure scope above is generally used for all implementation scenario’s

Diagram 51: Relationships within the road infra structure in scope

Looking at the relationships within the road infrastructure it's clearly to distinguish the non
proportional relation between the road length and the traffic for the road type major urban
road. Be course the fact that a large part of the benefit are related to the traffic the share of
the benefits on this road type can be expected large within the total benefits.

7.3. Benefit Potential in Scope

Based on the road infrastructure in scope the following annual benefit potential is derived
from the London reference model. In disjunction with the cash flow analysis the calculation of
the benefit potential does not recognize the effect of price elasticity and the cost potential
does not take economies of scale into account.
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Diagram 52: Annual Benefit Potential per Benefit Item

Diagram 53: Annual Benefit Potential per Benefit Category

Table 6: Annual Benefit Potential

Analysis of the annual benefit potential shows that the benefit category Safety claims 93.42%
of the total benefit potential and that the most benefit potential is to be captured on the Major

roads with 97.04%, including Major Rural roads (38.28%), Motorway (30.33%) and Major
Urban roads (28.44%).
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7.4. Cost Potential in Scope

Analysis of the annual cost potential shows that the cost category equipment claims 46.26%
and communication 53.73% of the total annual costs. Within in the category equipment the
OBU’s are responsible for 35.51% of the total annual costs. Within in the category
communication the OBU communication is responsible for 50.36% of the total annual costs.

Diagram 54: Annual Cost Potential

The annual cost distribution over the different roads shows that the costs are mainly allocated
to the Motorway followed by the Major Rural roads and the Minor Urban roads.

Table 7: Annual Cost Potential

Projecting globally the annual benefit potential and the annual cost potential on the different
road types led to the following striking distribution:

Motorway Rural Major Urban Major | Rural Minor Urban Minor
Benefits 30,3% 38.3% 28.4% 1.0% 1.9%
Costs 67.9% 19.1% 3.4% 1.7% 4.1%

The distribution is of the benefits is mainly driven by the combination of a high level of traffic
flow and a high number of kilometres per vehicle. The equipment costs are mainly driven by
the road distance and the amount of vehicles equipped. The communication costs are
mainly driven by the amount of vehicles equipped
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7.5. Scenario Penetration Setup

Service Penetration

For all the three evaluated scenarios the general typical penetration scenario is chosen. This
scenario is in general most corresponding with the three CVIS scenario’s and is the most
plausible scenario in the CVIS case.

Vehicle Population

The estimated vehicle population is projected based on the assumption that 5% of the vehicle
population will be demolished annually and for 100% repurchased. On top on the
repurchasing the population will grow as result of a 3% additional annual initial purchase of
new vehicles. As a result of these assumptions the total vehicle population will grow annually
with 3%.

OBU Penetration

In the estimation of OBU’s the OBU are distributed over new and existing vehicles. The
demanded amount of UBU’s driven by the service penetration will be firstly covered by new
vehicles (repurchase and initial new). The surplus will be covered by implementing OBU’s in
existing vehicles as balancing item.

The OBU have a life cycle of 5 years before they are replaced by a new OBU. The amount of
OBU’s will vary 100% by the number of vehicles.

RSU Penetration

In the estimation of RSU’s the RSU are distributed over RSU equipped autonomously and
RSU equipped integrated according the ratio 40:60. The RSU have a life cycle of 10 years
before they are replaced by a new RSU’s. The amount of RSU’s will vary in capacity steps of
10% driven by the service penetration scenario.

TCC Penetration

The estimation of the penetration of TCC is driven by the assumption that TCC penetration
will vary in capacity steps of 25% driven by the service penetration scenario.

Communication penetration

All the UMTS connections are fully distributed over the 100% availability Connections and 0%
over max capacity connections. The estimation of the penetration of communication is
indirectly driven by the service penetration scenario and full variable.

7.6. Taxes

Tax savings on in-, outflow and from depreciation expenses are not taken into account in the
cash flow analysis.

7.7. Price Elasticity and Economies of Scale

In the cash flow analysis for all the evaluated scenarios the price elasticity rate is based on a
100% correlation between demand and price level and a 30% reduction of the price at the
end of the 25 year period.

The economies of scale in cash flow analysis are set to 50% reduction reached at 50% of the
demanded capacity with a 1.1 LOG based curve.

For a representation of the used price elasticity of demand and the economies of scale see
diagrams below
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Diagram 55: Price Decline and Economies of Scale

Diagram 56: Price Elasticity of Demand
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7.8. The Economic Validation of the Personal Scenario

7.8.1. Scenario Benefits

Periodic Benefits

The maximum periodic potential benefits are € 152.991,- and do occur in year 25. Of these
maximum periodic potential benefits the largest share, 95% concerns benefits relating to
safety aspects. For a distribution see the diagram and table below

Diagram 57: Periodic Benefit Results Personal Scenario

Benefit Category

Safety € 145.466 95.1%
Efficiency € 6.457 4.2%
Vehicle Operation € 902 0.6%
Environmental € 166 0.1%
Total € 152.991 100.0%

Table 8: Periodic Benefit Results Personal Scenario

Cumulative Benefits

The total potential benefits after 25 years are € 1.698.170. Of these cumulative potential
benefits the largest share, 95% concerns benefits relating to safety aspects. For a distribution
see the diagram and table below
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Diagram 58: Cumulative Benefit results Personal Scenario

Benefit Category

Safety € 1.614.650 95.1%
Efficiency € 71.673 4.2%
Vehicle Operation € 10.008 0.6%
Environmental € 1,839 0.1%
Total € 1.698.170 100.0%

Table 59: Cumulative Benefit Results Personal Scenario

7.8.2. Scenario Costs

Periodic Costs

The maximum periodic potential costs are € 108.766.910,- and do occur in year 25. Of these
maximum periodic potential costs the largest share, 52% concern costs relating to
communication aspects. These are followed by OBU costs with a share of 43%. For a
distribution see the diagram and table below.
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Diagram 60: Periodic Cost results Personal Scenario

Cost Category

31,058,695 28.6%
15,815,932 14.5%
2,552,767 2.3%
1,036,003 1.0%
1,926,671 1.8%
54,624,026 50.2%
1,692,816 1.6%
Communication TCC 60,000 0.1%

OBU new vehicle

OBU existing vehicle

RSU autonomously equipped
RSU integrated equipped
Traffic & Control Centre
Communication OBU

Communication RSU

a dh d o o

Total € 108,766,910 100.0%

Table 9: Periodic Costs Results Personal Scenario

Cumulative Costs

The cumulative periodic potential costs after 25 years are € 1.440.021.162,-. Of these
cumulative potential costs the largest share, 44% concern costs relating to communication
aspects. These are followed by OBU costs with a share of 50%. For a distribution see the
diagram and table below.
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Diagram 61: Cumulative Costs Results Personal Scenario

Cost Category

OBU new vehicle € 402,914,110 28.0%
OBU existing vehicle € 309,975,373 21.5%
RSU autonomously equipped € 45,711,900 3.2%
RSU integrated equipped € 18,291,215 1.3%
Traffic & Control Centre € 31,088,879 2.2%
Communication OBU € 606,316,570 42.1%
Communication RSU € 24,715,114 1.7%
Communication TCC € 1,008,000 0.1%
Total € 1,440,021,162 100.0%

Table 10: Cumulative Costs Results Personal Scenario

7.8.3. Marginal Analysis

The marginal analysis recognizes the effects of price elasticity an economies of scale.
Per Unit Vehicle

The average costs per unit vehicle over a period of 25 years are € 285,- and the benefits per
unit vehicle are € 0.07. The share of uncovered cost per vehicle is € 284,93 and represents
99.9% of the total costs per vehicle. In this scenario there is no economic efficiency point on
the level of unit vehicle. For a representation see diagram below.
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Diagram 62: Marginal Analysis Unit Vehicle Personal Scenario
Per Unit KM

The average cost per unit KM over a period of 25 years are € 0.42 and the benefits per unit
vehicle are less than € 0.01. The share of uncovered cost per KM is € 0.42 and represents
99.9% of the total costs per vehicle. In this scenario there is no economic efficiency point on
the level of unit KM. For a representation see diagram below.

Diagram 63: Marginal Analysis Unit KM Personal Scenario
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7.8.4. Projected Cash flow

The analysis shows a negative Cash Flow with a increasing negative slope resulting in a net
cash flow of - € 1.046.223.945,-. The Net Present Value at 8% discount rate is - €
296.065.961 and at 14% discount rate - €136.918.995,-. There is no payback period within
the projection period of 25 years.

Diagram 64: Projected Cash Flow Personal Scenario
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7.8.5. Summary Results
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7.9. The Economic Validation of the Commercial Scenario

7.9.1. Scenario Benefits

Periodic Benefits

The maximum periodic potential benefits are € 2.036.885,- and do occur in year 25. Of these
maximum periodic potential benefits the largest share, 63% concerns benefits relating to
Vehicle Operation aspects. For a distribution see the diagram and table below

Diagram 65: Periodic Benefit Results Commercial Scenario

Benefit Category

Safety € 715.662 35.1%
Efficiency € 41.260 2.0%
Vehicle Operation € 1.274.827 62.6%
Environmental € 5.136 0.3%
Total € 2.036.885 100.0%

Table 11: Periodic Benefit Results Commercial Scenario

Cumulative Benefits

The total potential benefits after 25 years are € 1.698.170. Of these cumulative potential
benefits the largest share, 95% concerns benefits relating to safety aspects. For a distribution
see the diagram and table below
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Diagram 66: Cumulative Benefit results Commercial Scenario

Benefit Category

Safety € 7.943.718 35.1%
Efficiency € 457.977 2.0%
Vehicle Operation €14.150.343 62.6%
Environmental € 57.005 0.3%
Total €22.609.042 100.0%

Table 12: Cumulative Benefit Results Personal Scenario

7.9.2. Scenario Costs

Periodic Costs

The maximum periodic potential costs are € 108.766.910,- and do occur in year 25. Of these
maximum periodic potential costs the largest share, 52% concern costs relating to
communication aspects. These are followed by OBU costs with a share of 43%. For a
distribution see the diagram and table below.
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Diagram 67: Periodic Cost results Commercial Scenario

Cost Category

31,058,695 28.6%
15,815,932 14.5%
2,552,767 2.3%
1,036,003 1.0%
1,926,671 1.8%
54,624,026 50.2%
1,692,816 1.6%
Communication TCC 60,000 0.1%

OBU new vehicle

OBU existing vehicle

RSU autonomously equipped
RSU integrated equipped
Traffic & Control Centre
Communication OBU

Communication RSU

a dh d o o

Total € 108,766,910 100.0%

Table 13: Periodic Costs Results Commercial Scenario

Cumulative Costs

The cumulative periodic potential costs after 25 years are € 1.440.021.162,-. Of these
cumulative potential costs the largest share, 44% concern costs relating to communication
aspects. These are followed by OBU costs with a share of 50%. For a distribution see the
diagram and table below.
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Diagram 68: Cumulative Costs Results Personal Scenario

Cost Category

OBU new vehicle € 402,914,110 28.0%
OBU existing vehicle € 309,975,373 21.5%
RSU autonomously equipped € 45,711,900 3.2%
RSU integrated equipped € 18,291,215 1.3%
Traffic & Control Centre € 31,088,879 2.2%
Communication OBU € 606,316,570 42.1%
Communication RSU € 24,715,114 1.7%
Communication TCC € 1,008,000 0.1%
Total € 1,440,021,162 100.0%

Table 14: Cumulative Costs Results Commercial Scenario

7.9.3. Marginal Analysis

The marginal analysis recognizes the effects of price elasticity an economies of scale.
Per Unit Vehicle

The average costs per unit vehicle over a period of 25 years are € 285,- and the benefits per
unit vehicle are € 0.92. The share of uncovered cost per vehicle is € 284,08 and represents
99.7% of the total costs per vehicle. In this scenario there is no economic efficiency point on
the level of unit vehicle. For a representation see diagram below.
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Diagram 69: Marginal Analysis Unit Vehicle Commercial Scenario
Per Unit KM

The average cost per unit KM over a period of 25 years are € 0.42 and the benefits per unit
vehicle are less than € 0.01. The share of uncovered cost per KM is € 0.42 and represents
99.7% of the total costs per vehicle. In this scenario there is no economic efficiency point on
the level of unit KM. For a representation see diagram below.

Diagram x: Marginal Analysis Unit KM Commercial Scenario
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7.9.4. Projected Cash flow

The analysis shows a negative Cash Flow with a increasing negative slope resulting in a net
cash flow of - € 1.030.693.709,-. The Net Present Value at 8% discount rate is - €
291.990.444 and at 14% discount rate - €136.152.558,-. There is no payback period within
the projection period of 25 years.

Diagram 70: Projected Cash Flow Commercial Scenario
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7.10. The Economic Validation of the Public Scenario

7.10.1. Scenario Benefits

Periodic Benefits

The maximum periodic potential benefits are € 152.991,- and do occur in year 25. Of these
maximum periodic potential benefits the largest share, 95% concerns benefits relating to
safety aspects. For a distribution see the diagram and table below

Diagram 71: Periodic Benefit Results Public Scenario

Benefit Category

Safety € 188.363.641 97.6%
Efficiency € 2.307.555 1.2%
Vehicle Operation € 2.190.620 1.1%
Environmental € 49.203 0.1%
Total € 192.569.950 100.0%

Table 15: Periodic Benefit Results Personal Scenario

Cumulative Benefits

The total potential benefits after 25 years are € 2.137.490.780. Of these cumulative potential
benefits the largest share, 98% concerns benefits relating to safety aspects. For a distribution
see the diagram and table below
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Diagram 72: Cumulative Benefit results Public Scenario

Benefit Category

Safety € 2.087.015.736 97.6%
Efficiency € 25.613.430 1.2%
Vehicle Operation € 24.315.473 1.1%
Environmental € 546.141 0.1%
Total € 2.137.490.780 100.0%

Table 16: Cumulative Benefit Results Personal Scenario

7.10.2. Scenario Costs

Periodic Costs

The maximum periodic potential costs are € 108.766.910,- and do occur in year 25. Of these
maximum periodic potential costs the largest share, 52% concern costs relating to
communication aspects. These are followed by OBU costs with a share of 43%. For a
distribution see the diagram and table below.
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Diagram 73: Periodic Cost results Public Scenario

Cost Category

31,058,695 28.6%
15,815,932 14.5%
2,552,767 2.3%
1,036,003 1.0%
1,926,671 1.8%
54,624,026 50.2%
1,692,816 1.6%
Communication TCC 60,000 0.1%

OBU new vehicle

OBU existing vehicle

RSU autonomously equipped
RSU integrated equipped
Traffic & Control Centre
Communication OBU

Communication RSU

a dh d o o

Total € 108,766,910 100.0%

Table 17: Periodic Costs Results Public Scenario

Cumulative Costs

The cumulative periodic potential costs after 25 years are € 1.440.021.162,-. Of these
cumulative potential costs the largest share, 44% concern costs relating to communication
aspects. These are followed by OBU costs with a share of 50%. For a distribution see the
diagram and table below.
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Diagram 74: Cumulative Costs Results Public Scenario

Cost Category

OBU new vehicle € 402,914,110 28.0%
OBU existing vehicle € 309,975,373 21.5%
RSU autonomously equipped € 45,711,900 3.2%
RSU integrated equipped € 18,291,215 1.3%
Traffic & Control Centre € 31,088,879 2.2%
Communication OBU € 606,316,570 42.1%
Communication RSU € 24,715,114 1.7%
Communication TCC € 1,008,000 0.1%
Total € 1,440,021,162 100.0%

Table 18: Cumulative Costs Results Public Scenario

7.10.3. Marginal Analysis

The marginal analysis recognizes the effects of price elasticity an economies of scale.
Per Unit Vehicle

The average costs per unit vehicle over a period of 25 years are € 285,- and the benefits per
unit vehicle are € 86.70. The share of uncovered cost per vehicle is € 198.30 and represents
69.6% of the total costs per vehicle. In this scenario there the economic efficiency point [ MC
= MR] occurs in period 16 at a market share of 296.034 vehicles and a total annual volume of
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1.476.888 vehicles. At the economic efficiency point the marginal contribution per vehicle is €
2.56. For a representation see diagram below.

Diagram 75: Marginal Analysis Unit Vehicle Public Scenario
Per Unit KM

The average costs per unit KM over a period of 25 years are € 0.42 and the benefits per unit
vehicle are less than € 0.11. The share of uncovered cost per KM is € 0.31 and represents
73.8% of the total costs per KM. In this scenario there the economic efficiency point [ MC =
MR] occurs in period 16 at a market share of 199.811.221 KM and a total annual volume of
995.133.172. At the economic efficiency point the marginal contribution per KM is less than €
0.01. For a representation see diagram below.

Diagram 76: Marginal Analysis Unit KM Public Scenario
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7.10.4. Projected Cash flow

The analysis shows a positive Cash Flow with a increasing positive slope resulting in a net
cash flow of € 540.001.789,-. The Net Present Value at 8% discount rate is € 120.198.754
and at 14% discount rate €43.501.230,-. There is no payback period of 7 years within the
projection period of 25 years.

Diagram 77: Projected Cash Flow Public Scenario
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7.10.5. Summary Results
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8. Risk Validation

8.1. RISKS ANALYSIS
8.1.1. Risk Impact

Based on the risk register the following risk impacts are determined. Especially the risk items
User Acceptance and Deployment/Business planning are evaluated with a high risk.

The risk Items Driver Deskilling and Criminal acts are ranked as items with a low risk profile.

Diagram 78: Risk Impact

For a analysis of the risks items and there impacts see the table below. The occurrence of
the risks are not related in the analysis to the moment in time and are equally distributed over
the projection period. The upper risk threshold is set to +5% of the Net Cash Flow and the
lower threshold to -10% of the Net Cash Flow. For de derivation of the risk impact see the
table below.

The occurrence of risks are also not related to the specific scenarios but are generally
applied for all scenarios.
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Diagram 79: Risk Impact Derivation

8.1.2. Risk Projection Personal Scenario

Diagram 80: Risk Projection Personal Scenario.

The projection of the risk impact on the Net Cash Flow in the case of the personal scenario
led to a spread at the end of the projection period of € 2.363.857.391 with a upper threshold
of € 899.143.686 and lower threshold of € 1.464.713.523
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8.1.3. Risk Projection Commercial Scenario

Diagram 81: Risk Projection Commercial Scenario.

The projection of the risk impact on the Net Cash Flow in the case of the personal scenario
led to a spread at the end of the projection period of € 2.328.768.095 with a upper threshold
of € 885.796.902 and lower threshold of € 1.442.971.193

8.1.4. Risk Projection Public Scenario

Diagram 82: Risk Projection Public Scenario.

The projection of the risk impact on the Net Cash Flow in the case of the personal scenario
led to a spread at the end of the projection period of € 291.915.155,- with a upper threshold
of € 615.916.229 and lower threshold of € 324.001.074
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0. Discussion

9.1. Level 1 Analysis

9.1.1. The effect of the assumptions

While conducting the level 1 analysis came the awareness that the assumptions in the model
have a great influence on the end results. Evaluating the end results is evaluating the
assumptions. Be course of the amount of assumptions that had to be made to model the
business case the probability of the end result is directly connected to the probability of the

assumptions. The probability of the assumption is improved by using when available
assumptions coming from scientific research.

Interpret the model results it has to be taken into account that it was not the ambition to
create a hard business case with a yes or no outcome. The goal was to analyse the
behaviour of benefit and cost drivers which lead to a profitable or not profitable business
case. But the goal is determining where the focus should be when implementing the
infrastructure.

The following assumptions have been evaluated to have a critical role in the calculation of the
cash flow.

Assumptions relating to the cost amount and behaviour per unit infrastructure
Assumptions relating to the infrastructure architecture

Assumptions relating to the benefit potential items

Assumptions relating to the service impacts

Assumptions relating to the service substitution

Assumptions relating to the penetration scenario

Assumptions relating to the price development

Assumptions relating to the economies of scale

The expectation is that based on a broader discussion of the analysis results and further
insight the assumptions could be object of change.

9.1.2. Remarkable effects in the Benefit potential

Evaluating the benefit potential it became remarkable that the majority of the benefits can be
earned on the major roads and especially in the benefit category safety. The major roads
represent 97% of the total benefit potential and the benefit category safety represents 93% of
the total benefit potential.

9.1.3. Remarkable effects in the Cost potential

Evaluating the cost potential it became remarkable that the majority of the costs are made on
the motor and major rural roads and especially in the cost categories OBU existing vehicles
and OBU communication. The motor and major rural roads representing 87% of the total cost

potential and the cost category OBU existing vehicles and OBU communication represents
83% of the total cost potential

9.1.4. Remarkable effects in the 3 scenario’s

All the three scenarios have the same road network scope and relating cost projection. The
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differences in the scenarios occur in influence of the services applied on benefit projection.

In the analysis of 3 scenarios it became evident that the projected benefits of both the
personal and commercial scenario are clearly not covering the projected costs. Only the
public scenario shows a positive cash flow. The profitability of the public scenario is in
majority the result of presence of services that reduces speed on the road with a high safety
impact.

9.1.5. High risks to be taken into account

Analysing risks shows a high risk that the user the service will not embrace. The acceptance
by the user is a critical criteria for a success full implementation. Also the risks involved with
the planning of the deployment of the infrastructure and the services and the planning of the
business around the services itself is evaluated as critical for a success full implementation.
Projecting these risks on a period of 25 years results in a spread of 54% of the net cash flow
with a major negative deviation.

9.1.6. Bundling of Services

Bundling the services in a personal, commercial and public way with the services in scope
results in only one profitable scenario. Those scenario’s that contain services which
addresses safety aspects are evaluated as the only scenarios that can be profitable based on
the costs involved to build the necessary infrastructure.

9.1.7. Road Tolling as Balance ltem

Road tolling can be used as balance item in case of a deficit. Road tolling has next to the
effect of generating income from the tolling itself a beneficial effect on congestion, fuel
reduction and pollution. In case of adding tolling to the existing services in a certain scenario
it is important to know that these beneficial effects will possibly evaporate as a result
substitution of services.

9.1.8. Who is going to pay the Bill

In general there are 3 target groups to distinguish who could benefit from the services in
scope. First the private persons using their private vehicles. Second the commercial parties
that exploits commercial vehicles and last the public party.

The specific interest of one of this target groups is depending on the specific services
involved. The analysis model did not recognize the specific costs / benefits for these target
groups. Generally you can derive the following interest per target group en benefit category.

Personal Commercial Public
Safety High interest in direct | High interest in direct | High interest in direct
safety improvement | safety improvement | and indirect safety
improvement
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Efficiency

High interest in direct

High interest in direct

High interest in direct

efficiency efficiency and indirect
improvement improvement efficiency
improvement

Vehicle operation

High interest in direct
operational
improvement

High interest in direct
operational
improvement

High interest in direct
indirect operational
improvement

Pollution

medium interest in
direct pollution
improvement

medium interest in
direct pollution
improvement

High interest in direct
and indirect pollution
improvement

table 19: Interest distribution.

Further research will be necessary to define these interests. In case of enough public interest
the public authorities could decide to claim the costs via road tolling. With this remark that
tolling increases of the cost of transport generally and will have a negative economic side-
effect

Based on the outcome of the analysis a single personal or commercially scenario with a
limited public interest will not be beneficial enough to cover the costs involved. This leads to
the conclusion that private and commercial benefits only could be achieved when the costs
are shared with the public party. The public authorities instead will only be interested if the
public interest is severed. This leads to the conclusion that a public and private participation
(PPP) will be needed to implement these services and the necessary infrastructure.

In relation to this conclusion it is important to realize that a common problem with PPP
projects is that private investors obtained a rate of return which is higher than the
government’s bond rate, even though most or all of the income risk associated with the
project. This creates the need for a underlying framework in which value for money is
achieved by an appropriate allocation of risk involved.

9.1.9. Penetration and Critical Mass

In the evaluation of the results is important to realize that the maximum benefit potential to be
achieved depends on the progression of the penetration. The earning back of the fixed costs
are maximized when there is a high penetration rate from the beginning of projection period.
With a large share of fixed costs this could lead to a situation where the progression of the
penetration is determining if the project will be profitable or not.

9.2. Level 2 Analysis

9.2.1. Complexity of evaluating the Value Networks

The level 2 analysis led to the conclusion that the services in scope or best represented by a
value network with mutual exchange of values between the different actors. The existing of
the value network depends on all the contributions of all actors to network. If one of the
actors redraws the service will collapse. Evaluating the economic potential of the value
network equals the valuation of economic value of the network for all the actors. The
business case of the service provided by the value network is the aggregation of all the
business cases of all the actors involved. Describing the networks in this analysis led to the
insight that there are large amount of assumptions needed to model the participation of an
actor in the network to decide if participation will be profitable for this actor. These
assumptions include the conditions applied producing the service. On the level of the total
service / value network this has led to the need for more detailed information that not could
be provided in the current situation.
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9.2.2. Distribution of profitability

The existence of the value network is primary depending on the fair distribution of profit
generated by the network based on the contribution of added value to the network. This
added value delivered to the network is highly depending on the market circumstances.
These market circumstances could change in time resulting in a shift in profit distribution.
This makes the value network very vulnerable. A strong and flexible governmental structure
should cope with this thread.

9.2.3. Many Actors involved

The value networks to produce the services in scope are characterized by 6 till 10 actors.
Actors with common and different interests. These interests could be combined by combining
actors in one party. To be able to adjust mutually in the network a good communication
becomes essential. The competitive strengths of the network depends on the intelligence of
design of the network. Simplifying where possible and a good control framework will increase
the chance of a success full implementation of the services.

9.2.4. Who is taking the role of Service provider

One of the major questions is who is taking the role of service provider and is the entity that
committed itself to the service obligations. Who's is the direct link to the customers and who
are the subcontractors. The choice to be the service provider depends on mainly the
availability of the specific service knowledge, the customer relationship, the production
capabilities and the risk appetite. Many of these specific questions are not answered in the
current situation and are highly depending on the specific situation.

9.2.5. Exchange Flows and governance
Controlling the value network is controlling the exchange flows within. To be able to secure
the delivery in a situation of high number of interdependencies who are subject of change it

becomes necessary to implement a strong and flexible governance function. The intelligence
behind the network architecture will be the critical point of success.

9.2.6. Pricing models
In the analysis there are mainly 3 pricing models to be distinguished. A fully variable pricing,
called “Pay as you drive”, a pricing model that combines consumption with a periodic

subscription fee and a free service paid by public means. The choice which pricing model
should be used for which service is mainly depending on the following points:

Public and/or private interests

The share of fixed costs and the risk appetite

The perception of value by the consumer and the variability of consumption
Pricing models used by competitive parties

The analysis 1 and 2 did not address the influence of different pricing models. The benefits in
the analysis level 1 model are mainly driven by the traffic volume and therefore fully variable.

9.2.7. More study necessary to develop services further
As mentioned before additional study is required to define and evaluate the economic

potential of the specific services in scope. The results of the analysis level 2 are limited to
more generic evaluation of the services in scope.
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10. Recommendations

10.1. Recommendations
Assumptions

Further research is recommended to test the assumptions with the progression of insights
and practical experiences

Bundling of Services
Focus on safety oriented services with a high beneficial effect.

With the intention to have a profitable scenario the less profitable personal and commercial
services should be combined with The bundling a public way that is done

Costs

Focus on the OBU costs and the costs of communication. Reduction of the cost per unit will
lead to large reductions in the total costs involved.

Risks

Focus on improving the user acceptance by adding enough value for money in the service for
the end user. Combining services in that way will support the acceptance.

Focus on the planning and control of the deployment and business to reduce strongly the
overall risks.

Tolling

In case of deficit and enough public interest add a tolling service to cover the deficit and use
the tolling service as balance item.

Target group interests

Further research will be necessary to make a further breakdown of interest per target group
and a more detailed quantification of the benefits per target group.

Public Private Participation

In the most likely case of a implementation via an Public Private Participation an appropriate
allocation of risks will conditional to attract private investors.

Governance

To be able to secure the consistency of the value networks around the services a strong and
flexible governance structure is critical .

Profit Distribution

It is critical to ensure a fair and flexible distribution of profit among the participants based on
the value add to the value network.

Communication

It is important to secure a good communication structure beweent the actors involved in the
value network.

Pricing models

The choice which pricing model is applicable for which service should be made based on an
analysis of interest, cost structure, risk appetite, customers perception of value and the
competition.
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12. Appendix: Definitions Conceptual Business Model

The following terms have been used in the conceptual business model

CONCEPTUAL SERVICE BUSINESS MODEL

BUSINESS MODEL AREAG

1 Consumption

This area represents those actors that are perceived as consumers who are paying the
service provider for the service(s) delivered to them

2 Service Provision

This area represents those actor(s) that are contractually providing the service(s) directly or
indirectly through the producers to the consumer(s)

3 Production

This area represents those actor(s) that are producing the functionality of the service(s) and
delivering this functionality to the service provider or directly to the consumer(s)

4 Technology Support

This area represents those actor(s) that are supporting the producers of the functionality of
the service(s) or the service provider with the necessary technology

5 Advertising

This area represents those actor(s) that are combining the main functionality of the service
with the distribution of commercial messages
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6 Finance

This area represents those actor(s) that are supporting the financial transactions within the
business model and the assurances related to the services

7 Regulation

This area represents those actor(s) that are monitoring the compliancy with legislation related
to the service

ACTORS

This actor represents the purchaser of advertising space. In some cases the advertising
space purchaser and commercial information provider are combined.

Area: Service Provision

4 Service provider

This actor represents the provider of the service and is contractually responsible for the
delivery of the service to the service consumer. This actor receives the payments from the
service purchaser.

Area: Production

5 Accommodation provider

This actor represents the provider of travel accommodation and the related information that is
delivered to the service consumer and charged to the service provider

6 Transport provider

This actor represents the provider of travel transport and the related information that is
delivered to the service consumer and charged to the service provider or the service
purchaser directly

7 Information provider

This actor represents the provider of information that is delivered to the service consumer
and charged to the service provider or the service purchaser directly

Area: Technology Support

8 Mobile device provider MDP

This actor represents:

- Mobile phone and smart-phone manufactures (e.g. Nokia, Samsung, Blackberry, etc.)
- Personal Navigation Device manufacturers (e.g. TomTom, Garmin, Mio, etc.)

- Producers of software that is embedded in the mobile device like OS (e.g. Symbian,
Windows Mobile, etc.)

9 (Mobile) software provider (M)SP
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This actor represents the providers:

- Providers of general back-office infrastructure software like databases, ERP, etc. (e.g.
Oracle, SAP, IBM, Microsoft, etc.)

- Providers of specilised transactional software (e.g. NEC, PTV, Mizar, etc.)
10 (Mobile) Internet provider (M)ISP

This actor represents:

- Internet Service Providers (e.g. Wanadoo, Deutsche Telecom, Tiscali, etc.)
- Mobile communications operators (e.g. Vodafone, TIM, Orange, etc.)

11 Internet service integrator

This actor represents providers of technologies that enables service providers to use
aggregated / hosted web functions/services. For example mapping service, content
management, internet portals, search engines, translation services, weather forecast ect.
(e.g. Map 24, VISA, Google, Yahoo, MSN, Babylon etc.)

Area: Advertising

12 Commercial information provider

This actor represents the provider of commercial information in by order of advertising space
purchaser.

Area: Financing

13 Insurance provider

This actor represents the support the assurances related to the service which will be
charged to the service provider.

14 Subsidy provider

This actor represents the subsidy of the related to the service which will be payed to the
service provider.

15 Payment provider

This actor represents the support of financial transactions related to the service which will be
charged to the service provider.

Area: Regulation

16 Regulator

This actor represents the entity that is monitoring the compliancy with legislation related to
the service.

VALUE STREAMS
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1 Money

This stream represents the flow of money (revenues, costs and penalties) between the actors
of the business model

2 Information

This stream represents the flow of service contained information between the actors of the
business model

3 Services

This stream represents the flow of services between the actors of the business model

4 Goods

This stream represents the flow of goods between the actors of the business model

5 Justifications

This stream represents the flow of information to support the justification of the compliancy.
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13. Appendix: Service Business Models
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13.1.1. Route guidance (use case)
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13.1.2. Monitoring (use case)
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13.1.3. Highway resting area
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13.1.4. Urban parking zones
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13.1.5. Access control Area Monitoring
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13.1.6. CTA (Co-operative Traveller Assistance)
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13.1.7. Ghost driver detection (a: SP owner Infra)
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13.1.8. Ghost driver detection (b: SP not owner Infra)
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13.1.9. Dynamic speed limit
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13.1.10. Flexible bus lane
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13.1.11. Information application
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13.1.12. Priority
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13.1.13. Micro Routing
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13.1.14. Speed profile
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13.1.15. Dynamic Routing
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13.1.16. Strategic Routing
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13.1.17. Traffic Control Assessment
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14, Appendix: Level 1 Conceptual Cost Model
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15. Appendix: Level 1 Conceptual Benefit Model
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16. Appendix: Benefit Derivation
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17. Appendix: High Level Business Case Personal
Scenario
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18. Appendix: High Level Business Case Commercial
Scenario
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19. Appendix: High Level Business Case Public
Scenario
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