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Abstract

The SARTRE project aims at developing attractive customer products that make the
traffic safer, decrease fuel consumption and enable drivers to perform other tasks
than driving. This document is a commercial viability report for road trains which offer
this type of functionality. Different business models are studied and conclusions are
drawn on the commercial viability for each model.

Executive summary

From a commercial viability perspective, road trains are initially attractive mainly to
long haul truck companies, which can profit from reduced fuel consumption both on
small and large scale. The reduced fuel consumption can lead to large savings in the
cost of transportation and a decreased CO, footprint. Road trains for trucks may later
open up a market for long distance commuters who can join existing road trains led
by professional drivers. The potential benefit for introducing road trains to a broader
market is substantial, e.g., in terms of increased road capacity, decreased CO2
footprint, increased work efficiency and comfort. However, for practical reasons
highlighted in this report, for passenger vehicles, road trains will mainly be attractive
to long distance commuters in areas where there are plenty of road trains for
commercial vehicles.

The main challenge that has to be overcome to reach a high market penetration for
passenger cars is to encourage customers to buy vehicles capable of platooning
before there are large numbers of lead vehicles available, and to encourage the
professional drivers to take the additional licenses to lead a road train. Additionally,
the end users need to gain trust in that licensed drivers are trained to drive safely. To
accomplish this, engagement from governments is needed, e.g., in terms of providing
free access to car pool lanes for equipped vehicles even before there are any lead
vehicles available and to provide education at low cost to drivers who desire to lead
road trains.
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1. OVERVIEW

This document is divided into four parts. Customer benefits are described in
Section 2, which provide a background for different product solutions presented in
Section 3. The business case for each product solution is studied in Section 3.2 and
conclusions on the commercial viability are drawn in Section 5.

1.1 Terminology

Phrase Description
Road train Coordinated group of vehicles following the leader’s actions
Lead vehicle Manually controlled vehicle at the front of the road train

Following vehicle | Automated vehicle that forms part of the road train, follows
guidance from the lead vehicle

V2V Vehicle to Vehicle communication
V2I Vehicle to Infrastructure communication
User The driver in a following vehicle
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2. CUSTOMER BENEFITS

The motivation and perceived benefits of road trains may vary for different kinds of
stakeholders, for example:

e Long distance drivers: safety, reduced fuel consumption, increased comfort.

e Trucking fleets: increased productivity by being enabling rotation of rested drivers
to avoid long periods when the trucks are stationary (non-productive time).

e Professional truck drivers: extra income for providing the service of leading the
platoon.

e Truck/ car makers: new vehicle functionality and means to product differentiation.

e Communication/telecom companies and highway operators: new revenue
streams (both one time and recurring) from new services, means of product and
service differentiation

In below section the customer benefits from lead vehicle, following vehicle and the
society will be presented.

2.1. Following commercial vehicles

Following commercial vehicles, e.g., trucks or buses, benefit mainly from decreased
fuel consumption and by reduced working hours or increased work efficiency if time
spent in a road train can be considered as rest.

2.2. Following passenger vehicles
There are several benefits for following passenger vehicles, the most obvious being

¢ Increased safety, ~50% reduction of highway related accidents*
e Decreased fuel consumption, ~10% reduction [1]

e Enabling drivers to perform other tasks, e.g, reading or working

*Trucks, which generally are driven by professional drivers, are exposed to 50% less
accidents per kilometre while driving on highways [VCC Safety Center]. Additionally,
the driver of the lead vehicle is assisted by active safety technology, thus reducing
the accident frequency even further. Furthermore, if the truck at some point should
be exposed to an accident, despite all measures taken, this can be instantly
communicated by V2V to the following vehicles which can apply immediate
emergency braking to avoid or mitigate an accident.

User motivation is crucial to use the service, and it is going to depend on several
factors. For a passenger vehicle in a road train led by a truck, this will probably mean
cruising at lower speed than would perhaps be achieved when driving individually, so
there is a trade-off between this perceived loss of time during the journey compared
to the advantage of using that time in a more productive or relaxing way than in
normal driving conditions. Further benefits could be introduced to make platooning
more favourable: for example, the provision of additional services like high speed
internet and high quality teleconference connections, or family entertainment services
(movies and music menu, free internet, car to car games for children, online tourist
guides and navigation).
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2.3. The lead vehicle

The lead vehicle is essential to form a road train and has less obvious benefits than
those of the following vehicles. This has to be considered when forming a business
case, as it is of importance that all parts have a clear benefit. One benefit for the lead
vehicle is that the fuel consumption is decreased, specially if the following vehicle is a
truck [1]. Moreover, trucks are often run by companies which maintain whole fleets of
trucks. This enables installation of road train technology in entire fleets, collective
training of drivers for reduced cost and further optimised fuel consumption. However,
additional compensation may be needed to motivate drivers to take this role and the
increased responsibility which follows with it. A vehicle driver benefits by being a lead
vehicle from, e.g.,

e Fees paid to the lead vehicle by the following vehicles
¢ Allowance to become a following vehicle later on, i.e., taking turns to lead

e Other benefits, such as allowance to drive in a car pool lane while
leading/offering to lead a road train

Furthermore, the system must be easy to use to encourage use by the driver of the
lead vehicle.

2.4. The society

The society is not a direct customer, but since there are clear benefits for society it
might be of interest for governments to encourage this type of technology. The most
obvious benefits being

¢ Increased safety, ~50% reduction of highway related accidents
e Reduced congestion by driving with a reduced following distance [2]

o Decreased CO, footprint as the fuel consumption decreases

¢ Increased GDP by enabling the drivers to perform other tasks than driving

3. PRODUCT SOLUTIONS AND AVAILABILITY

In this section, different product solutions are described and used to form a business
case for each solution in Section 4. Add-on-cost for equipment needed for enabling
road train is discussed in the end of Section 3.

3.1. Road trains for commercial vehicles

For commercial vehicles, the main driving force is reduced fuel consumption in trucks,
but there are also potential benefits in enabling the drivers in following trucks to
perform other tasks and thus increase their efficiency and/or decrease their workload.
This model has the advantage that it can be quickly adopted and applied locally by,
e.g., logistic companies when they upgrade their vehicles.

Since immediate benefits can be made in long haul trucks, this model is considered
as the most likely to first adopt this type of technology. As the market penetration
increases, this model opens up both for the pay-as-you-go model and for the monthly
subscription model.
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3.2. Monthly subscription of road train usage

In the monthly subscription model, it is assumed that passenger vehicles are paying
a monthly fee to get access to road trains for commuting. The road train is led by a
truck driven by a professional driver. The monthly subscription may either be paid by
the user or by his/her company to either make the company more attractive to
employees and/or to increase the efficiency of the employees by enabling them to
work while being transported to work by the road train.

The availability of vehicles equipped with technology for leading the road train will be
limited in the initial phase which has to be considered when offering subscriptions. It
is important that users get value for their money, and hence, subscriptions shall only
be offered to a limited number of users matching the number of available lead
vehicles. As the number of lead vehicles increase, more subscriptions may be
offered. The monthly fee that can be accepted by the customers is estimated to
mainly depend on the availability of road trains, the geographical location of the road
trains, e.g., in high/low income areas, and the willingness of companies to consider
time spent in the road train as working hours.

Since the subscription model can be applied locally in a selected geographical region
or even a specific road, it could possibly be an attractive alternative to first launch this
type of technology for passenger vehicles. A prerequisite for launching this model is
that there are many commercial vehicles, i.e., trucks or buses, available which can
act as lead vehicles. For example, conditions near a ferry terminal might be good,;
lots of cars and trucks at the same place and at the same time when the ferry arrives.

3.3. Pay-as-you-go for joining the road train

This model is, at least in an initial phase, mainly directed to long distance travel, but
may later be applied more locally. The users pay a fee to the lead vehicle for joining
the road train over a predefined route, e.g., over a distance of 400 km, or per
distance of usage. The pay-as-you-go model is particularly attractive to users who
travel long distances on a regular basis, who have a monthly subscription for local
usage or for rental cars in regions where there are many lead vehicles available.
Other customers may not be prepared to make the initial investment in necessary
technology in their own vehicle unless they can also benefit from road trains in their
everyday life.

Since availability of road trains is crucial to be attractive to the users, there is a need
for a large number of lead vehicles already in the initial phase in this model. Hence,
the model is less attractive to first launch this type of technology. However, this
model may be attractive once a high market penetration has been reached, or as a
compliment for road trains mainly directed to commercial vehicles.

3.4. Free service based on "sponsored” benefits

Since there are clear benefits for governments, there may be an interest to
encourage this type of technology, e.g., by providing benefits to users and lead
vehicles.

In the free service based model, users get immediate benefits when they purchase
the vehicle, e.g., in terms of free access to car pool lanes or free parking.
Geographical areas where a substantial fee is already charged for driving solo in car
pool lanes may be considered at an initial phase. Other locations may be considered
later on. The benefits are used to quickly attract a high numbers of users, where the
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initial target group is customers who highly value their time. When the number of
users increases, this will attract individuals to take a professional license to drive a
lead vehicle and hence earn a profit while driving to work. Drivers with professional
licenses charge the users a fee for leading the road train. Since the users in the
target group are customers who value their time, they are assumed to be prepared to
pay a substantial fee to be able to work more efficiently or to get more spare time.
This fee may also be paid by the user's employer, thereby enabling the user to work
more efficiently and to make the employer more attractive to the user.

Since immediate benefits can be given to users before a critical number of lead
vehicles are available, this model is attractive to launch road trains to a broad market.
However, engagement from governments is needed to encourage the users to adopt
the technology in the first place.

As the number of users increase, the benefits may be adjusted. For example, at a
first stage, benefits may be restricted to users who buy vehicles capable of
platooning, then to users and lead vehicles who offer to lead a road train with at least
one user. Later on, the restrictions may be further adjusted to apply to lead vehicles
who offer to lead a road train with at least two users, three road users, and so on.
The benefits may also be used as a measure to obtain a balanced number of users
and lead vehicles. Once a high market penetration has been reached, the benefits
may be removed and the next product solution comes into play.

3.5. Taking turns in leading the road train

In this model, it is assumed that vehicles may act both as lead vehicles and users.
Similarly as bicyclists taking turns in leading a group of cyclists, these vehicles take
turns in leading the road train. This model is particularly attractive to customers who
would like to free up some time while travelling on main roads between their home
and their work place. The model is applicable on roads where there is a high number
of users available in the first place. On such roads, rather than getting paid in terms
of money, the lead vehicle may get paid in terms of credits which may be used to get
allowance to become a user for some time. For example, if you agree to lead a road
train of two users on your way to work, you get to become a user during two trips to
your workplace later on. This model is useful as a compliment to the monthly

subscription model and when the free service based sponsored benefits are removed.

This model is particularly useful in areas where there are only a few commercial
vehicles traveling on main roads during rush hour.

To successfully launch this model in areas where there are no car pooling lanes
available, it may be necessary to financially encourage users both to buy the vehicle

in the first place and also to take a license to become allowed to act as a lead vehicle.

Once the market penetration is high enough, the benefits may be removed. Since
significant financial support is needed in the initial phase, it is not likely that this
model will be launched until significant benefits have been verified in the free service
based model and/or in the monthly subscription model.

Furthermore, since the driver of the lead vehicle is a not a professional driver, it may
take time for users to gain trust in the ability of drivers of other lead vehicles, so that
they can feel safe to join the road train and thus gain from its benefits. Possibly,
drivers of lead vehicles may be required to share some type of indicator for their
driving skills or accidents statistics to attract users and gain their trust. Drivers who
are unable to show that they are capable of leading a road train may have difficulties
to attract users. Clearly, there are some obstructions to overcome to launch this
model. However, it is expected that roads where this type of model is applicable
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account for a significant part of the road network and hence the success in launching
this model may be critical to reach a high market penetration for passenger vehicles.

3.6. Open market for subscriptions, taking turns and pay-as-
you-go

Naturally, as a higher market penetration is reached in some geographical area, this
may open up a market for trading between the different models, e.g., pay-as-you-go

for shorter distances and fees that vary over time of the day and geographical
location.

4. BUSINESS CASE

To form a viable business case, it is essential that there are clear benefits for each
part, both for the lead vehicle, the following vehicles, vehicle manufacturers and
providers of services. In this section, business models are described and analyzed
for each product solution.

4.1. Add-on cost for equipment, communication and
maintenance

For all product solutions, there is an add-on cost for technology and communication.
Equipment needs to be added for enabling the vehicles to interact with each other
(V2V) and with the driver (touch display), but the main part of the add-on cost arises
from technology needed for redundancy and functional safety, e.g.,

¢ Redundant Electronic Power Steering
e Redundant Sensors, e.g. radar or lidar

e Redundant Control Module

In total, the estimated add-on cost for customers is €2000, both for the lead vehicle
and the following vehicle. In this estimate, it is assumed that additional features and
functionality based on same technology (radar, camera, blind spot detection, electric
power steering) already exist in the vehicle. Such technology may be offered in a
package, e.g., with Active Cruise Control, Collision Avoidance, Lane Keeping Aid and
Parking Assistance.

For the V2V communication, there are additional costs linked to the usage of V2V
and to system for handling subscriptions, localizing the road train, pay-as-you-go
fees, etc. It is estimated that the total cost for these services is €150/year.

Moreover, since the vehicles are driving close to each other, it is important that they
have similar braking capacity in case the lead vehicle has to initiate emergency
braking. To assure this, the vehicles may be required to go through periodic testing. It
is estimated that the periodic testing and maintenance of the system components
cost €150/year.

Moreover, the driver of the lead vehicle needs to obtain a license to lead the road
train. The table below lists an estimated training cost of €2500/driver** for a one day
course including both theory and practice with a road train consisting of one leader
and two users. The cost of education may be further reduced by training drivers in
larger groups.
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Education, theory 4h a €50/h €200
Education, practice 4h a4 €250/h for three vehicles with drivers €1000
Transportation to education site, including hotel €300
**Education, total €1500

The initial investment is hence estimated to €2000+€1500 = €3500 and an additional
annual cost of €300/year for services.

4.2. Road trains for commercial vehicles

For a logistics company, reduced fuel consumption may lead to large savings in the
cost of transportation. When taking both the lead truck and the following truck into
consideration, it is estimated that the fuel consumption can be reduced by an
average ~10% by platooning. Larger savings are expected if more than two trucks
are participating in the road train. When forming a business case, it should be taken
into consideration that a fuel saving of ~4% can be obtained at a normal following
distance for ACC. Hence, the additional saving obtained by driving in a road train
formation, as compared to driving with ACC, is about ~6%.

In Europe, trucks annually drive 80.000-100.000 km with a fuel consumption of 3
liter/10 km and a life span of 10 years. Reducing the fuel consumption by 6% result in
savings of 0.2 liter/10 km. Assuming that the truck will drive in a road train formation
for 60.000 km/year with a fuel price of €1.5/liter, then the savings become
€1800/year or equivalently €18000 during the life span of the truck. With annual cost
of €300/year and an initial investment of €4500, the return on investment is less
than three years, including education of the driver. For an educated driver, the
return on investment, when investing in a new truck, is less than two years. For each
following year, the revenue will be €1500 per truck and year. Additional income for
commuters or additional trucks joining the road train may be later added to these
numbers, but it is enough to have one truck leading another to form a viable business
case. There are a few different kinds of commercial road trains that may be
considered, e.g.,
e Single hauler train
o Trucks from one company with same or similar destination join and
take turns to lead to save fuel and have rested drivers
o No administration or joining cars/trucks
e Multi hauler trains
o “Regular” routes that require collaboration between haulers
o Organized by freight forwarders or 3PL companies
e Ad hoc trains
o Lead Vehicles are open for anyone to join
o Require medium to high penetration and a business model with
marketplace and ITS support
o No planning required to join

In conclusion, there is a viable business case for road trains with commercial
vehicles both on a small scale and on a larger scale.

4.3. Monthly subscription of road train usage

In the monthly subscription model it is assumed that commuters pay a fee to the lead
vehicle, e.g., a truck that is already equipped for leading a road train. This fee is set
such that the lead vehicle has the same economic incentive for leading either a truck
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or two cars, which take up the same space as one truck; otherwise there is no
incentive for leading cars instead of trucks. Given the fuel savings for trucks,
mentioned in Section 4.2, the fee for each car is set to €0.3/10km. When driving at
80-85 km/h this equals to a fee of €2.5/h. Compared to driving solo at 110 km/h, the
car saves 0.21/10 km, equivalent to €0.3/10km, due to reduced air resistance and
speed when driving in the road train. Hence, the actual cost for the commuter is
zero, apart from an initial investment of €2000 and annual service and maintenance
fees of €300/year.

To put this into an example, assume that a commuter is driving 80 km to work. On
days when using the road train, the time for transportation to work increases from 45
min to 1 h due to decreased speed, but some of the time may be used for working to
compensate for this loss. Assume that the work efficiency, while being in a road train,
is 75% compared to working in the office and half of the time in the road train is used
for work. Then there are 40 min left in the car which can be used to for doing
something else and still get the same amount of work done. When using this time,
e.g., for paying bills and sending private mails, the commuter will free up more than
one hour of spare time per day of use. The monthly subscription fee may be set to
€50/month, including annual service and maintenance fees, with an expected use of
20h per month, or once per day. This may be attractive to some commuters with a
busy private schedule, whereas other may find it more convenient to drive solo at
higher speed and hence spend less time in the car each day.

In conclusion, there is a viable business case for a monthly subscription for
commuters to join existing road trains led by commercial vehicles. The driver of the
following vehicle gains in convenience and his/her costs are covered by the fuel
gains. However, there is a need for a high number of lead trucks during business
hours on the road which the commuter is using, otherwise the availability will be low
and it will not be attractive for the commuter to pay a monthly fee. This market
would grow but is ultimately limited by the number of trucks on the road.

4.4. Pay-as-you-go for joining the road train

In the pay-as-you-go model the user has more freedom when to use the road train or
not and hence the fee can be set slightly higher in a monthly subscription. The fee
can be set to, e.g., €0.4/10km. For a trip of 300 km, the fee is thus €12 and the net
cost for the user becomes €6 when taking reduced fuel consumption into account.
This model is not sustainable on its own due to the fact that the users desire a high
number of lead vehicles and vice versa to get the business started. This model is a
complement mainly to the monthly subscribers when they desire to go on longer trips
once in a while, or for rental cars in areas where many road trains are available. Just
like monthly subscriptions, the market for pay-as-you-go is limited by the
number of trucks on the road.

4.5. Free service based on ”sponsored” benefits

This model is depending on sponsoring of some sort, e.g., free access to car pool
lanes, free parking, etc. If the benefits are large enough, many people will buy cars
capable of platooning and thus start up a market for lead vehicles. These markets
could potentially grow fast and to a large scale in some regions if the benefits
provided by governments are substantial enough to start up a market for both users
and lead vehicles.
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4.6. Taking turns in leading the road train
This model is only sustainable if road trains have reached a broad market.

4.7. Added value in highways

Companies whose business is user's payment for highway use can offer added value
by integrating advanced road train services via back office. These services can be
produced on demand by the users (subscription, pay-as-you-go, see Sections 3.2
and 3.3) or can be also coordinated with local authorities in order to mitigate traffic
issues in highway sections with a high risk of congestions. With this approach users
will find the expected advantages of road trains, ensuring also arrival time to
destination. This new service is available in a controlled area and for that the risks
are also more confined. Transport companies can be agreed to provide the platoon
service and at the same time to obtain benefits from the use of the highway. Regular
transport routes can be timetabled and users can take advantage of this to plan in
advance their trips with the road train service.

5. CONCLUSION

Road trains for commercial vehicles are viable for a business perspective since the
expected reduction in fuel consumption can fund both education of the driver in the
lead vehicle as well as the equipment needed for platooning. For the trucking
industry, the reduced fuel consumption which road trains enable can lead to large
savings in the cost of transportation and a decreased CO, footprint. For passenger
vehicles, monthly subscription models may be used to attract some commuters to
become followers in road trains with commercial vehicles. However, the market for
commuters is small and not expected to grow since trucks are not so common on
commuter important routes at rush hours. For a successful introduction of road trains,
there is a need of supportive measures like free usage of car pool lanes and bus
lanes to assure instant user and lead vehicle benefits for the first customers.
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