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1. EXECUTIVE SUMMARY

1.1. Context

Platooning technology has made significant advances in the last decade, but to achieve the next

step towards deployment of truck platooning, an integral multi-brand approach is required. Aiming

for Europe-wi de depl oyment obr ol dd oomli mtgi, ordosnudrnte par amo
of ENSEMBLE to realise pre-standards for interoperability between trucks, platoons and logistics

solution providers, to speed up actual market pick-up of (sub)system development and
implementation and to enable harmonisation of legal frameworks in the member states.

1.2. Project scope

The main goal of the ENSEMBLE project is to pave the way for the adoption of multi-brand truck
platooning in Europe to improve fuel economy, traffic safety and throughput. This has been
demonstrated by driving up to seven differently branded trucks in one (or more) platoon(s) under
real world traffic conditions across national borders. During the years, the project goals were:

1 Year 1: setting the specifications and developing a reference design;

9 Year 2 and 3: implementing this reference design on the OEM own trucks, as well as performing
impact assessments with several criteria;

1 Year 4: focus on testing the multi-brand platoons on test tracks and public road.

The technical results have been evaluated against the initial requirements. Also, the impact on fuel
consumption, drivers and other road users has been established. In the end, all activities within the
project aim to accelerate the deployment of multi-brand truck platooning in Europe.

1.3. Abstract of this Deliverable

Deliverable 4.3 analyses the impacts of multi-brand platooning on transport costs and logistics
chains and identifies the business models that will maximise the deployment of multi-brand
platooning. Furthermore, the environmental impacts of platooning are assessed

The business models of platooning were analysed qualitatively and quantitatively through various
approaches. The core of the value of platooning comes from the formation of platoons. When two
vehicles form a platoon, a cost reduction may follow, for example through reduced fuel
consumption. The benefit of this reduced fuel consumption is proportional to the distance covered
by the platoon before it is dissolved. These savings are not the same for the leader vehicle and for
the following ones, which benefit most from the formation of the platoon. Platoon formation also
comes at a cost: first, the vehicles must be able to platoon, which implies an investment cost.
Second, they must meet, which means that one vehicle must wait for the other to join, and/or both
must make detours: there is a coordination cost. This causes a delay, implying increased workforce
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costs, capital opportunity costs, and reduced level of service for shippers, i.e. downwards supply
chain costs. This coordination cost is lower on average when there are more platooning
opportunities, which means several things: first, there must be enough truck traffic, second, a
significant share of these trucks should be platoon-enabled; third, a significant share of these trucks
should have similar trip patterns. In other words, traffic on one road cannot be a sufficient indicator
of the relevance of platooning: the whole economic life cycle of the vehicles should be considered,
that is to say the totality of the origins, destinations and routes they are expected to be used over in
the years after the moment they are acquired by a carrier.

Carriers are at the core of the value chain of platooning. Platooning is costly, because vehicles
need to be equipped; it is costly to use, because vehicle routes need coordination; and it is risky,
because the benefit one carrier will get off their investment decision depends on the investment
decisions of other carriers. Other stakeholders, such as public institutions, infrastructure managers,
or insurance companies may influence a bit the business case of platooning, but they will not be
substitute to the absence of a core business case, would it be lacking. Without legal obligation,
there cannot be a business case of platooning without net benefits to carriers.

Simulations based on micro-economic models show that with the specification of the Platooning
Support Function in ENSEMBLE, the business case of platooning is very weak. Cost savings
are very probably too low to be able to at least compensate the cost of platooning for carriers.
However, with the more favourable assumptions in terms of fuel savings associated with the
Platooning Autonomous Function in ENSEMBLE, or other reductions in trucking costs, the
business case of platooning can be brighter, provided the cost of the platooning technology
doesnot increase too much. I n particul ar, t h
that fuel prices are going to increase steadily over the coming years. Also, market uptake can
benefit spectacularly from a sizable injection of platoon-enabled trucks in the fleet at the
beginning. Then, in favourable cases, market uptake goes to the same rhythm as fleet renewal, for
trucks with an adequate economic life-cycle (qualitatively, those trucks who cover long distances
over regular routes with a lot of truck traffic, but not so much that there is congestion)

Eventually, regarding the business case of platooning, the more opportunities to form platoons, the
lower the expected coordination cost when forming platoons. Simulations based on dynamic
programming make explicit the importance of interoperability for the business case of
platooning. In particular, they show that the business case of platooning is much higher when
platooning is allowed between vehicles of all carriers than when each carrier can only form platoons
between vehicles of its own fleet.

The environmental impacts of platooning depend on how platooning is actually implemented. From
road track tests and open road tests, it is concluded that at support level, platooning will not yield
substantial fuel savings, especially given the fact that adaptative cruise control (ACC) already
allows for some of those benefits, albeit at a lower safety level. For the emissions of local pollutants
(NOx and PM) no significant effects were found. Still, there may be the benefit of a fuel saving if
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the inter-vehicle gap within the platoon gets short enough. The life-cycle analysis provides
consistent conclusions.
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2. INTRODUCTION

2.1. Background

Multi brand platooning is the process through which partially automated trucks can form convoys of
trucks of different brands. The benefits platooning can bring to the society, in a wide sense (i.e.
improvements in terms of productivity, environmental impacts, social impacts) have been the topic
of many projects in the past. A lot of those works focused, in particular, on the benefits of platooning
in terms of fuel efficiency: if two trucks or more can drive with a close intervehicle distance, the
reduction in aerodynamic drag should improve the energy efficiency of the following vehicles, with a
positive impact in terms of fuel consumption. This should turn into both positive environmental and
financial impacts.

However, past literature, research, and projects, have left a number of questions unanswered. The
first one is the question of the business model of platooning. Indeed, business models and socio-
economic analyses should not be confused, despite the close proximity between both exercises.
Socio-economic analysis mostly focuses on the monetary and non-monetary benefits of platooning,
once assumed platooning is widely used. Business case analysis (or, to use a micro-economic
wording, private equilibrium determination) is solely focused on the question of the spontaneous
adoption of platooning by the market, without direct regulatory action from governments or other
public institutions?.

The second question is that of the fuel savings actually made possible with platooning. The literature
provides some consistent figures, but the direction was taken, in the ENSEMBLE project, to proceed
to tests in real conditions, on open road, to obtain the most up to date and relevant figures to the
particular specification of platooning at the heart of the ENSEMBLE project. This implies that the
assessment of the environmental benefits of platooning should be updated, both in terms of fuel
consumption i and, as a direct consequence, of greenhouse gas emissions i and in terms of life-
cycle analysis.

2.2. Aim and report structure

The objective of Deliverable 4.3 is to provide answers to the two questions raised in the introduction
above: that of the business case of platooning, and that of the environmental impact of platooning.

2.2.1. The business case of platooning

Regarding the business case of platooning, a three-directional approach is chosen, combining a
range of methodologies. First, a qualitative analysis identified the stakeholders of the platooning

1 The distinction should be nuanced: an entirely consistent socio-economic analysis should either assume
regulatory obligation to use one technology, or proceed to a business case analysis as a necessary step to
the approach. This is not always done with a great amount of detail.
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market. Each category is analysed in terms of their objectives, constraints, and interactions with
other parties, with a perspective specifically oriented to understand the position of each stakeholder
regarding platooning. In particular, for each stakeholder, several questions are addressed: do they
benefit from platooning? Do they bear costs if platooning is implemented? What are their decisions?
What are their payoff functions? Can they, and would they, play a role in amplifying or dampening
the benefits of platooning in one way or another? Several stakeholder categories are analysed; the
value of chain of platooning is identified; the core benefits and potential benefit amplifiers of
platooning are identified; risks of platooning as an investment for the parties involved are discussed.
This is the object of Chapter 3.

The second approach is a quantitative, analytical one. Its objective is to model the market uptake of
platooning as a result of economic decisions (including investment decisions) made by private
stakeholders aiming at maximizing their profits. A bilevel model of platooning is elaborated,
modelling both the decision of carriers to form a platoon or not based on a micro-economic trade-
off; and the decision 1 also of carriers T to equip their vehicles with the platooning technology. Based
on the qualitative analysi s, the model 6s mai
decisions of carriers, the dynamics of market uptake, and the monetary benefits and fuel savings
which can be expected from platooning under a range of distinct sets of assumptions. The model
and numerical results are presented in Chapter 4.

The third approach is operations research: its objective is to provide evidence of the value of
platooning when more vehicles can form platoons than when platoon formation is limited to subsets
of vehicles. An algorithm optimizes platooning formation over a complex highway network, and a
large set of carriers with fleets of very heterogenous size. Two sets of assumptions are compared:
one where platooning can only take place between vehicles owned by the same carrier, and one
where platoons can be formed between vehicles of all carriers. The approach is detailed in Chapter
5.

2.3. The environmental impacts of platooning

Chapter Error! Reference source not found. is focused on the benefits of platooning in terms of
fuel consumption and environmental pollution. It is based on a literature review, test tracks
measurements, and open road tests. In particular, impacts of platooning in terms of fuel
consumption, CO; emissions, NOx and PM emissions are measured, analysed, and compared to
the literature.

Chapter 7 presents a life-cycle analysis of platooning. The analysis accounts for the production,
usage and treatment of a truck over its life cycle. The impacts are computed and discussed, primarily
in terms of contribution to climate change.

Chapter 8 concludes the deliverable.
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3. BUSINESS MODEL ANALYSIS

Authors:
i EI-Mehdi Aboulkacem, AME/SPLOTT, Univ Eiffel, France

9 Francois Combes, AME/SPLOTT, Univ Eiffel, France

The economic benefits of platooning are potentially significant for shippers, for the economy as a
whole, and for the environment. However, turning this potential into actual benefits is not trivial: some
benefits are not directly monetary, some of them involve public stakeholders, some of them depend
on the overall market uptake of the technology, etc. The objectives of this chapter of the deliverable
is first, to analyse the actual economic interdependencies of the technology and the associated risks,
uncertainties and opportunities; second, to identify ways to maximise the success and impact of
platooning. A by-product of this analysis is to anticipate policy interrogations, such as how platooning
interacts with other freight transport policy instruments; whether specific infrastructure investments
are required; and whether funding or regulation are required.

This chapter proceeds in two parts. First, stakeholders are identified and analysed. Second, the
overall stakeholder system is described and discussed with respect to platooning.

3.1. Analysis of stakeholders and their relationships
We distinguish eight categories of agents, or stakeholders, directly involved in the decision to

implement platooning or directly impacted by its implementation. These categories are:

9 Shippers (S): any firm, institution or individual managing a commodity flow and interested in
how these commodities are made available to their receivers.

1 Infrastructure managers (IM): any firm or institution involved in the planning, provision,
exploitation and maintenance of transport infrastructures. Those can be linear (such as
roads) or nodal infrastructures (such as ports).

1 Insurance companies (): firms managing and mitigating risks for other firms, individuals, or
households, mainly by pooling and incentives.

9 Original Equipment Manufacturers (OEM): firms manufacturing vehicles. Only they can
produce platooning enabled vehicles.
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1 Platooning Service Providers (PSP): firms providing the digital infrastructure and protocols
required for platooning to work. They can provide a variety of services, including matching
vehicles applying to be part of a platoon.

1 Drivers (U): they are required for road freight transportation; they can be implied in a variety
of ways by platooning.

1 Regulator (R): they make and enforce rules, determine taxes and subsidies, and implement
multi-aspect policies.

9 Carriers (C): they produce transport operations, on the basis of four types of inputs: vehicles,
drivers, energy, and infrastructure.

Let us now examine each of these stakeholders, so as to identify their objectives, constraints and
interactions with the other stakeholders.

3.1.1. Shippers

Shippers are the customers of carriers. Shippers can be firms, persons or institutions, who want
commodities to be moved from one place to another place, under given conditions. They can
organize themselves their transport operations (this situation is referred to as own-account transport:
in that case shippers are also carriers) or bind contracts with carriers to do so.

Platooning is a transport technology. As a consequence, the question of whether it has value or not

should primarily be examined from the standpoint of carriers. However, it is of critical importance to

consider shippers in the analysis: one reason why carriers may adopt a new technology or process
isthatit all ows them to produce services that are a
reason is that it would allow carriers to produce existing services with a better cost efficiency. Let us

discuss here the first reason. In order to determine whether shippers benefit from better services, it

is important to understand s h i p pobjectsvés and constraints, and their preferences regarding

freight transport.

A brief introduction to supply chain management

Shippers manage supply chains. According to the Council of Supply Chain Management
Pr of e s s ilogisties | nsanagerfient is that part of supply chain management that plans,
implements and controls the efficient, effective forward and reverse flow and storage of goods,
services and related information between the point of origin and the point of consumption in order to
meet customer 60s (r&xxAMRA,e M2l F) . This definition ¢
First, logistics is not just about transport. As a matter of fact, freight transport is but one of the
categories of operations that a supply chain manager must plan and manage as a part of their job.
Second, while the notion of cost efficiency is not made explicit in the definition, it is of critical
importance, as part of the customer requirements, which include cost-efficiency through competitive
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prices. Third, customer requirements are not reduced to prices. They actually include a host of other
criteria, or dimensions, that are regrouped in the concept of level of service (Rushton et al., 2014).

In order to understand where customer requirements come from, the following premise is
fundamental: products only have value to their users when they are in their hands. It is the job of the
firm, public service, or any agent acting as a commaodity provider, to define and implement how said
commodity will be made available to customers. Will it require a lot of effort from those customers
(e.g. they are required to transport the goods themselves, wait for it a long time, have no guarantee
as to when the product will be available, etc.) or will the good be made readily available to them (e.g.
the goods are delivered at any address given by the customer, very quickly, with a guarantee that
there will be no damaged, a forgiving return policy, etc.)? These dimensions of logistics level of
service are as important to customers as the intrinsic characteristics of the product?. Is should be
noted that this representation applies to firms and consumers alike. Firms will base their
requirements i and their willingness to pay for those T on how those contribute to their strategic

objectives, how they contribute to satisfy their

reduce their own costs; consumers will base their requirements on similar bases, in addition to their
own tastes and preferences?.

Dimensions of level of service include everything related to the way goods are made available to
customers, including:

1 Shipment size and conditioning: specific equipment is required to load and unload bulk,
pallets, parcels, barrels, oversized packages. Some carriers are specialized in specific
shipment sizes. Quite often, the transport process is very dependent on shipment size (FTL
i full truckload i is direct from origin to destination, while parcel transport relies on a network
and mixed fleet process.)

2 As a matter of fact, this is a particular case of the service-dominant logic, put forward by Vargo and Lusch
(2008). According to them, any economic transaction is based on one party providing their skills to another
party, whether the deal implies commodities, or not. In fact, those commodities are support of services that
they will help to provide (e.g. buying a refrigerator is acquiring the possibility to store fresh products; buying a
car is acquiring a capability to move with a certain speed, and/or to display a certain level of wealth, and certain
preferences). Within this framework, the consumer is co-creator of value. This says with the vocabulary of
marketing exactly the same thing as transport economists say when they say that consumers bear user costs.
3 This is particularly well explained by the following quote from Jeff Bezos, president of the company

Amazon: "1 very freqWekatby getngheoqokekangeninothe next
interestng question; itds a very common one. I al most never
the next 10 years?6 And | submit to you that that seco
because you can build a business strategy around the things that are stable in time. ... [I]n our retail

business, we know that customers want | ow prices, and
They want fast delivery; they want vast asdrbnenow i on. It o
where a customer comes up and says, 06Jeff | | ove Amazo
|l ove Amazon ; I just wish &odu@Ht tded i:vie/rt eacHdnnudnrdeh.moam/

amazonis-eating-the-world/, accessed May the 30th, 2017.)
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1 Loading and unloading conditions: some vehicles require specific loading bays, others can
be loaded and unloaded from the ground. Some commodities require dedicated handling
technologies.

1 Transport lead time: this is the transport time as perceived by the shipper. It covers all the
stages of the transport operation, including break-bulk operations, transhipments, and
temporary storage if any.

1 Transport lead time reliability: this is related to how certain the shipper is that the shipment
will be picked up and/or delivered at the time agreed upon;

1 Commodity safety (against pilfering and damage);

9 Tracking: this category relates to all services providing information to the sender or receiver
about the current location and/or current state of the shipment, as well as additional
information such as estimated delivery time.

9 Flexibility: this is related to how early a shipper has to order a transport operation which
should happen at a given time. Some freight transport markets can provide a very high
flexibility (orders can be placed up to the last moment) while others require a lot of visibility
from the shipper (transport has to be planned months before it is actually executed.)

1 Loading and unloading time window precision: the shipper may have some flexibility, or some
very precise request, with exactly when the shipments are picked up and delivered.

The choice of a logistic strategy dimensions is a complex process. Shippers consider their own
constraints (including the geographical, technical, and legal ones); their understanding of the
competitionds strategy; their understanding
pay for those; and their own business strategy. As a result, they plan their supply chain strategy,
including (but not limited to):

1 the number, characteristics, and location of their warehouses;
9 the production, distribution and procurement process;

1 the marketing strategy;

1 the planning, monitoring and forecasting process;

9 the nature and characteristics of transport operations.

A micro-economic representation of shippers
From a micro-economic perspective, shippers are producers, providing goods to customers with
given intrinsic characteristics and given extrinsic characteristics (including a given logistic level of
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service). We opt for the theoretical framework of Lancaster (1966): in this paper, Lancaster submits
that goods are characterized by a vector of dimensions, on which are based the preferences of
consumers. This framework has several qualities, including the fact that it is the theoretical basis for
hedonic prices analysis.

Shippers combine resources, including transport operations with given characteristics, in order to
provide goods to their customers. The characteristics of these goods are produced in order to match

the preferences of customers in a cost-efficient way*. Shippersé preferences
operations are related to the intrinsic characteristics of goods (conditioning and vehicles depend on

the nature, weight and volume of goods) as well as on their extrinsic characteristics. This is the case,

in particular, of transport lead time, and of course of its price (Tavasszy, de Jong, 2013.) This is
illustrated by Figure 1 below.

Goods/services

« Intrinsic characteristics

+ Extrinsic characteristics
(including logistic LoS)

f L
/ \
4 \
U \
' N\

) Transport
Other inputs

Price

Origin, destination

Shipment size, conditioning
Transport lead time (and reliability)
Safety

Figure 1: Inputs and outputs of shippers

Shippers and platooning

On the basis of this discussion, how does platooning fit into supply chain management? As stated
above, platooning is a transport technology. The following ways it can have an impact for shippers
are:

1 platooning modifies the price (and the price structure) of transport operations;

1 platooning modifies some characteristics of transport operations (e.g. transport lead time, or
safety)

1 platooning interferes with supply chain management (some decisions of shippers, such as
shipment dispatch scheduling, need modification if platooning is used)

4 The standard microeconomic theory of the producer is presented in all standard micro-economic textbooks,
such as Varian (2014).
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These items are now reviewed in detailed.
Changes in transport price

A modification of price of platooning can come from a reduction of fuel consumption, or any other
cost reduction that platooning would allow (such as, for example, labour cost reduction.) This cost
decrease would directly affect the operating costs of carriers, once factored in all the cost
modifications and operating modifications. Cost modifications are then transferred to prices. In
general, the impact of a modification of costs on prices can be quite complex in the transport industry,
as in any network industry. In any case, a decrease of prices will be beneficial to shippers, all other
things equal.

Impact on the level of service of transport operations

A change in the level of service of transport operations will also have a direct impact on shippers.
One of the important characteristics of freight transport level of service is lead time (and together
with lead time: lead time predictability and reliability.) All other things equal, lower lead times are
generally a good thing for shippers, which are ready to pay for faster transport.

The shippersd willingness to pay for faster
t i més@ key parameter for demand forecasting, and financial and socio-economic appraisal of
projects or policies. There is a substantial literature on the value, dispersion, and explanatory
variables of the value of time for freight transport. The empirical literature is reviewed in Feo-Valero
et al. (2011); it displays considerable variability and some level of ambiguity regarding whether the
studies account for the shipper value of time alone, or the carrier value of time as well. The review
concludes that the type of commodity and shipment characteristics can have a large influence on
the value of time, and that this value of time ranges from zero, or a few cents per ton per hour, to
several euros per ton per hour. Value of time for palettized goods carried by semi-trailers on
highways over long distances (presumably the core market of platooning) would pertain to the higher
side of the I|Iiterature value range. Assuming
a 10 minutes del ay wohelshippec dhistis ofteih lesa than 2 percént of ther
standard price for such an operation, but it is a substantial amount when compared to the typical
margin of a freight carrier.

Lead time reliability is another important characteristic of level of service for shippers. It is not the
same to have a shipment delivered at 10am sharp than to have it delivered somewhere between
9am and 11am. It is consensually accepted that shippers are ready to pay for improved reliability;
low reliability is often raised as one of the main reasons why shift from road to non-road modes is

5 In the frame of freight transport, it is necessary to distinguish the shipper value of time, the carrier value of
time, and the total value of time. It is also required to distinguish whether the value is computed over a
shipment, or a vehicle movement. The relevant approach depends on the question. When examining how
much a shipper would be ready to pay for a decrease in transport lead time, the carrier value of time should
not be factored in. When proceeding to the financial or socio-economic appraisal of a public policy or
infrastructure project, both the shipper and the carrier values of time should be accounted for.
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difficult. Moreover, it is also considered intuitive that the value of reliability is higher for shorter
transport lead times. However, empirical research did not yield a robust value or value range of the
value of reliability of freight transport. As reviewed in Dullaert and Zamparini (2013), several papers
are available, but their methodologies are vastly heterogenous. Also, Dullaert and Zamparini point
out that the way reliability is defined and measured seems to have a strong impact on the estimation
of the value of reliability. Whatsoever, lead time reliability is important for shippers. As a
consequence, it is important to assess whether platooning improves or downgrades lead time
reliability. This complex issue is discussed in more detail in the next section.

Changes in the safety of transport operations is also of interest for carriers, and for shippers: less
accidents means that the probability that the freight is destroyed, damaged or lost is lowered; also,
the lower risk of accident is beneficial for carriers, because their costs decrease; and for drivers,
whose exposition to the risk of death or wound is also diminished. Of course, this item depends
entirely on the actual safety benefits of the platooning technology, compared to the baseline
scenario.

Impact on supply chain management decisions

Freight transport operations are but a small part of the decisions a supply chain manager has to
make. Moreover, some decisions pertaining to freight transport have direct interdependencies with
other important logistics variables. For example, choices regarding freight transport have direct
impacts on inventories: more frequent shipments dispatched from a given warehouse or plant will
often allow to reduce average inventory levels, which is generally a good thing for shippers. In
practice, decisions regarding freight transportation cannot be examined without considering these
interdependencies. On that topic, see Baumol and Vinod (1970), or Combes and Tavasszy (2016).

Regarding platooning, two cases should be distinguished. In one case, shippers do not contribute to
the organization of platoons: platooning is transparent for them; it is a technical choice of carriers.
However, it is also possible that shippers contribute directly to the organization of platoons.

Consider, for example, the case of a shipper sending one full truckload to one receiver every day.
That shipper could decide to dispatch platoons of two trucks once every other day instead. There
would be positive impacts on transport costs, but a need to reorganize inventories at the origin and
destination, with probable additional logistics costs. In that case, the platoon is essentially a new
type of vehicle: instead of one truck with a given capacity, a new vehicle can be used,; it consists of
two trucks or more, with a higher capacity, and a lower operation cost. There is some literature on
the problem of the choice of shipment size and vehicle type (e.g. Abate and de Jong, 2014) however
it is not stabilized and still raises fundamental methodological difficulties. That situation is, in practice,
quite rare, and has not been examined in detail in the frame of this project.

Conclusion

For shippers, platooning is only a visible issue if they are actively involved in the platoon formation
process. In all other cases (which will typically be the case with spontaneous platooning), then
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platooning is, in essence, a technological change for carriers, with indirect implications such as price
and/or level of service modifications. In particular, there are no significant interactions with the supply
chain process of shippers, other than the usual ones between transport and other logistics decisions.

As a consequence, it should be considered that platooning can only bring value to shippers if one of
two conditions is met: either it improves the productivity of freight transport for a given level of service
(in a way which results in a market price decrease), or level of service is improved so as to more
than compensated with the change in market price.

The specific case where shippers are actively involved in the planning of platoons warrants a
dedicated discussion. There is an important distinction between this case and the previous one: it is
theoretically possible that platooning can bring some added value to the shipper and that freight
transport costs increase for that same shipper, if this cost increase is more than compensated by
the decrease in other logistics costs.

In any event, a general conclusion emerges: platooning will be used by carriers in one of two cases
only:

9 It brings value to some or all shippers, in the way described above; or,

9 itis made partially or fully compulsory.

3.1.2. Carriers

Carriers are economic agents combining resources in order to produce freight transport operations.
As explained above, freight transport operations are characterized by a number of parameters
collectively defined as the level of service. Shippers are their customers. The preferences of shippers
regarding freight transport operations have been discussed at length in the previous section.

J_' Co-products | _
"""""""" Transport operations
* Price

= Origin, Destination

= Shipment size, conditioning
Transport lead time
Safety

]
]
I
-l i 1
vehicle L Platooning options
_ I 0. No option
: Coordination 1. On-the-fly
' with other 2. Orchestrated
carriers or 3. Orchestrated by shipper

vehicles
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Figure 2: Inputs and outputs of carriers
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Figure 2 details the inputs and outputs of carriers, their relationship with a number of other agents,
and their specific position with regard platooning. Indeed, while platooning is only a distant issue for
shippers, it is a very concrete issue for carriers, as it involves the acquisition of specific equipment
and technologies, and the modification of their production processes.

This section first examines the resources consumed by carriers, then the relationships of carriers
with other stakeholders, and, eventually, the decisions carriers need to make with regard to
platooning. A specific issue with platooning is that the decision of one carrier will have an impact on
the preferences of other carriers: this internal interdependency will be the object of a specific focus
(see e.g. 3.1.2).

The cost components of carriers, and their dependencies with other stakeholders

The main resources for a carrier are given in Figure 2: they are the vehicle, the driver, the fuel, the
infrastructure, and insurances. However, in order to clearly distinguish all the impacts of platooning
on carriers, a more detailed cost breakdown has been specifically designed. The cost components
are discussed below; at the same time, the impact of platooning on each cost component is
examined. The discussion remains qualitative and general. Other parts of the report will provide
numerical assumptions, when those are required for quantitative simulations (Chapter 4).

Fuel consumption

Fuel is one of the main components of freight transportation costs, whatever the mode and
technology. This is particularly true of road freight transport, and even more of inter-urban road
freight transport, which is most often produced with semitrailers. A semi-trailer typically consumes
between 30 and 35 litres of gasoil for a 100 km, depending on its load, and many other factors. Fuel
consumption easily accounts for about a third of the cost of moving a semi-trailer®.

As a result, anything able to improve fuel efficiency is a major driver of cost reduction, and will easily
find a market. It so happens that this is one of the expected impacts of platooning: by reducing the
distance between two vehicles or more in a platoon, the platooning technology would allow for a
reduction of the aerodynamic drag of all vehicles in the platoon, although the effect would be stronger
for follower vehicles than for the leader vehicle. The actual fuel reduction depends on how much
time the vehicles spend inside platoons over their full economic life, and how often they are leaders
and followers when inside platoons.

Driver productivity

A second major cost component of all transport techniques is the workforce. For road freight

6 Transport prices can move quite far from the costs of moving a given vehicle, for several reasons. The first
reason is that many transport operations involve a combination of movements of different vehicles and
transshipments (this is the case of LTL i less than truckload, or parcel transport). The second reason is that
prices can get quite far from costs as a result of the supply-demand equilibrium (Felton, 1981)
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transport, there is one driver per vehicle, sometimes more’. One manner platooning could generate
added value for carriers is if the drivers of the following vehicles in a platoon could do something
else than driving, and that this substituted activity generates revenue (the by-products in Figure 2).
An additional condition would be that this additd:.

The case for improved driver productivity as a source of added value of platooning is rather weak.
In any case, the involved stakeholders are the drivers themselves, and the regulator, which has a
say about whether such configurations are allowed or not. Other carriers are also directly relevant,
through the formation of platoons.

Operating constraints

There is another theoretical possibility for platooning to bring added value: drivers would rest when

they arendét | eaders in a platoon. I n that case, t
could be organized in such a way that the vehicles can move almost continuously while driving time
regulations are respected. In other words, the operating constraints on road freight transport would

be relaxed. This would yield a direct reduction of transport costs, and the opportunity to lower

transport lead times, to the direct benefit of shippers.

These scenarios raise a number of critical concerns, regarding their feasibility, safety and
acceptability. For example, a scenario where drivers can get some actual rest while being in a
follower vehicle (notwithstanding their own comfort and safety), the question is raised to know why
a driver is still needed in those vehicles in the first place. Whether drivers would be ready to proceed
to other tasks and to be only partially paid for that, is a second question without a robust answer at
the time this report is written.

As above, the involved stakeholders are the drivers, the regulator, and the other carriers.
Reliability

As in many industrial processes, random events happen, and cause processes to deviate from their
nominal state. This can result in unreliability in the output production, which comes with a large
number of costs, as it makes it difficult for customers to rely on deliveries, and it makes it difficult for
firms to adapt tightly their resources to their needs.

Unreliability can be addressed by adapting processes in a number of ways. One way is to reduce
the epistemic uncertainty of events by getting more information and improving prediction. Another

7 Inter-urban road freight transport is typically organized in three different ways in terms of workforce. The first
and dominant one is when there is one driver per vehicle. Then, the driver is limited by driving time regulation,
and so is the vehicle. In some cases, there can be two drivers per vehicle; drivers can rest alternatively while
the truck moves on. This make it possible to vastly decrease transport lead times over long distances (more
than 700km, i.e. more than 8h at 90km/h). Another way to circumvent the driving time regulation is to setup
relays, where drivers board vehicles, drive 4 or 8 hours, then alight; with a suitable organization, it is possible
to have the trucks operate continuously with only one driver on board (Combes and Leurent, 2013.)
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way is to adapt the process to make it more robust to those random events, in other words to reduce
the severity of the consequences of the realization of those events. For the case of transport, travel
time is often unreliable: a series of largely unpredictable events can cause a truck to deviate from its
planned temporal trajectory: mechanical trouble, traffic jams, accidents of other vehicles, late
departure time, etc., will interfere with the nominal travel time and often cause the truck to arrive late.
The consequences can be mitigated by introducing buffers: instead than announcing that the truck
arrives at the nominal time "Q, which will be missed with probability “ , the carrier can announce
that the truck arrives at time "Q &) which will only be missed with probability “ . Increasing @
increases the expected transport costs

Regarding platooning, the question is: how is the travel time distribution of a given vehicle modified
(in shape and position) when it gets into a platoon? Platooning introduces a nhecessary
synchronization between the movements of distinct vehicles: the trucks which are supposed to get
together to form a platoon. This comes at a double cost in terms of reliability:

9 first, the interaction increases the severity of the consequences of a random event. Consider
a platooning process, where trucks have to meet, move together and then separate.
Compare that process to the baseline process where all trucks are moving independently.
Assume that a random event impacts any of these trucks: delay, mechanical incident, etc. In
the baseline process, chances are that the other trucks will not be impacted. In the platooning
process, al | trucks can be i mpacted. I f t
yet, the formation plan has to be delayed or maodified; if the platoon is already formed then it
has to be rearranged.

1 Second, the interaction is also a random event in itself: in particular, platoons which are
formed on the fly require at least one vehicle to slow down until the other vehicles catch up.
This introduces a random delay in transport operations for that vehicle, given that on-the-fly
platooning is, by definition, unscheduled.

All'in all, introducing the platooning process inside transport operations is both the introduction of a
new source of variability, and an increase in the system vulnerability to variabilities. This does not
lead to the automatic conclusion that platooning should not be implemented, but it is a clear
disadvantage of the technology, liable to increase costs and to decrease level of service. Carriers
will have to account for that in the decision to use platooning or not, and protect themselves against
it if needed to.

The intensity of the impact of platooning in terms of reliability depends on the number of carriers
adopting the platooning technology.

Probability and severity of road accidents

Road freight transport causes accidents. The less severe cause damage, to the infrastructure, the
vehicle and the freight, and possibly to other vehicles. The more severe accidents also cause
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wounds and casualties. The probability of accidents, and their severity, is directly relevant to carriers,
as they bear a substantial share of the implied costs, even when they are insured. More frequent
accidents cause also a loss in terms of level of service for shippers; in other words, more safety
means more added value for carriers.

Platooning may generate additional safety, either by reducing the probability of accidents, or by
reducing their consequences when they happen. This issue is not analysed in detail in this report.
However, it is considered, qualitatively, with regard to carrier costs. Note that with respect to this
issue, as well as others, it is extremely important to keep in mind that the benefits of platooning
should be assessed in comparison with a relevant baseline scenario. That baseline scenario should
include the arrival on the market of trucks equipped with new technologies improving safety too.

The intensity of the impact of platooning in terms of safety would also depend on the number of
carriers adopting the platooning technology.

Insurance

If platooning has a substantial impact on safety, carriers and shippers will perceive this indirectly
through a change in their insurance costs. Indeed, the core service of insurance companies is to
provide covering for risks through pooling: while the consequences of one accident can be
unbearable for a given individual, family or firm, they are manageable if a large group of agents pool
financial resources together. Also, insurance companies set up incentives for agents to behave so
as to decrease their exposition to risks, through the conditions of the insurance policies they provide
and financial incentives.

As a consequence, if insurance companies are convinced that, with a sufficient market uptake,
platooning can provide decisive improvements to road freight transport, compared to other
technologies (optional or compulsory) over the relevant time frame, then it is probable that they will
adapt their policies in order to maximize said market uptake. This means that the cost of insurance
will change for carriers, with respect to whether they buy platoon-enabled trucks or not, and whether
they actually use the platooning service, or not.

Vehicle cost

Fromacarrierds standpoint, vehicles are one-haod
tractor unit is on average 88000u i n France in early 2020 (Co
semi-t r ai |l er 6s cost s 3dheawaénudkpplatcd @ded a an additional
fixed cost: the truck needs to be equipped with sensors, actuators and software, which all imply
specific fixed costs. Therefore, carriers are in front of a decision: whether they purchase trucks which
can platoon, or not. This decision is quite complex, because buying platoon-enabled trucks only
gives the guarantee that trucks can platoon, not the guarantee that other trucks will be readily
available to form platoons along all roads, at all times. In other words, the carrier must pay a certain
price for the uncertain possibility of some value, which depends on the decisions of other carriers.
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For carriers, this value will depend on:

1 The economic life duration of the truck and its residual value (the value it will have on the

second-chand mar ket once the truck isnodot usef ul

platooning technology on the second-hand market);

9 The savings carriers expect from platooning: this is discussed in the items above regarding
fuel savings, productivity impacts, insurance costs, etc.

1 The expected market uptake: the value carriers draw from platooning trucks is directly
dependent on the market share of platooning, i.e. on decisions made by other carriers.

Due to the | ast iongaeeharactedzed by ammen, strdteg interdependencies.

In addition, the platooning service provider may have an influence on vehicle cost as well, depending
on the business model, who pays for the platooning specific equipment, and how it is priced.

The platooning service provider

By definition, platooning consists in synchronizing the trajectories of several vehicles. This
synchronization is needed at several stages. An operational synchronization is required for platoons
to be technically, safely feasible. A strategic synchronization is also, in order to find candidates for
platoon formation and match them, and compensate them if heeded for their contribution to overall
savings. Such a service will be costly and requires a business model which will rely, one way or
another, on financial transfers from carriers. In other words, making the platooning service provider
work will be costly for carriers.

Tolls

Many countries have tolled highways. When this is the case, tolls can be a rather significant part of
carriersodo costs. Tolls are an income for opr
platooning is then: would tolls depend on whether carriers use the platooning technology or not?
Regarding the decisions of carriers, any difference of toll implied by platooning will be factored in.

Taxes

All cost components of carriers are affected by taxes: vehicle costs, fuel costs, wages, tolls, are
directly influenced by generic or specific taxes. Generic taxes include labour taxes® and added value
tax. Specific taxes include excise taxes on fuel or vehicles. Technically, taxes are factored in by
carriers in their decision-making process. Regarding platooning, the main question regarding taxes
is how they change depending on the decision of carriers to buy platoon enabled trucks or not. One

8 Labor taxes can differ widely from country to country. Also, in some countries, such as France, there is a
formal distinction between taxes and charges i such as social security charges. Taxes are understood in a
general sense here, and refer to any kind of compulsory levy.
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of the most complex and strategic underlying issue is the determination of taxes by governments
and other relevant stakeholders. This will be discussed in the relevant section.

Compensations and tariff equalization

A specific issue of platooning is to ensure maximal participation and value. This is not a trivial issue,
insofar as depending on the position of a vehicle in the platoon, the direct benefit will not be the
same. Typically, for spontaneous platooning, the immediate cost savings will be low for the leader
and much higher for followers (in other words, why would a truck slow down to wait another truck to
form a platoon i f theyoO6re not going to benef
the incentive will not be high enough for vehicles to be leaders, which can lead both to opportunistic
behaviour, to a lack of candidates to be platoon leaders, to a lack of platooning opportunities, and
ultimately to a substantially decreased value and market uptake of platooning.

Summary: cost drivers and stakeholders

The discussion above is summed up below in a list which reminds all the cost components. For each
cost component, directly relevant stakeholders are identified (OEM: Original Equipment
Manufacturers; ' : drivers; C: carriers; R: regulator; |: insurance companies; PSPs: Platooning
Service Provider(s); IM: Infrastructure Managers). The list reads as follows: fuel consumption is the
result of choices made by OEMs, whose technical decisions determine the fuel efficiency of vehicles;
etc.

1 Fuel consumptionN OEM

9 Driver productivity N U+ C+ R

9 Operating constraintsN |/ + C+ R

1 ReliabilityN C

1 Probability/Severity of accidentsN C
9 Insurance N

1 Vehicle costN OEM + PSP

9 Platooning service costN PSP

1 TollsN M

T TaxesN R

1 CompensationN PSP
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It appears from this list that carriers are at the nexus of stakeholder interactions and of the platooning
market in general. As explained above, the value of platooning will be assessed by carriers with
respect to the impacts on costs (listed above) and also with respect to the impact on the value for
shippers.

Repercussion of the impacts of platooning onto shippers

The impacts of platooning for shippers has already been discussed in detail in a previous section. It
is re-examined below with a complementary perspective: regarding platooning, through which
channel does each cost position impact shippers? Four channels are listed: price (P), environmental
impact (&), Lead time and lead time reliability (L), shipment safety (S). The list reads as follows: fuel
consumption has an impact on prices, as well as on environmental impacts (through GHG emissions
and local pollution); etc.

1 Fuel consumption© P +

I  Driver productivity © P

1 Operating constraints© P + L
1 Reliability© P + L

1 Probability/Severity of accidents© P + S
! Insurance © P

1 Vehicle cost© P

1 Platooning service cost©® P

1 Tolls® P

! Taxes© P

1 Compensation© P

Consistently with this list, and as already explained previously, a variation of costs due to platooning
is transferred through a variation of prices to shippers. This is true insofar as there is a real variation
of prices, stemming directly and exclusively from the implementation of platooning. For example,
shippers will perceive no impact of a change in taxes on freight transport prices if the corresponding
taxes are defined regardless of the implementation and usage of platooning.

Changes in level of service will be accounted for by shippers as well: for example, a deterioration of
lead time or lead time reliability means that shippers will not be ready to pay as much for freight

—_
~

'@. Ig\
ENSEMBLE



transport, all other things equal. On the contrary, if safety is actually improved by platooning, then
shippers will pay more for safer freight transport operations. Ultimately, shippers may put a value to
fuel savings that goes beyond the mere financial expense, for a number of reasons, including: the
actual objective to reduce their environmental impact, the need to advertise environmental efforts,
the need to reduce their exposition to the political or financial risks associated to fuel prices and/or
climate change, etc. Needless to say, the valuation of those impacts differs widely from one firm to
another.

Be that as it may, carriers pay attention to the impacts of platooning on shippers, because changes
in prices due to changes in levels of service are going to affect their turnover. The common
assumption of perfect competition assumes that freight carriers draw a zero profit at the competition
equilibrium. The implementation of platooning is liable to cause changes in prices and levels of
service: carriers will opt for platooning only if the difference in level of service implies a difference in
willingness to pay which more than offsets the difference in marginal costs. Here are too opposite
examples, to illustrate the mechanism:

9 Platooning implies a net cost decrease for carriers, but travel times deteriorate so much that
the decrease in the willingness to pay of shippers more than offsets the cost decrease: each
carrier would be better off not opting for platooning; the platooning technology will not
penetrate the market.

9 Platooning implies a net cost increase for carriers, but safety improves so much that the
additional willingness to pay of shippers more than offsets the increased price they have to
pay: each carrier would be better off opting in; the platooning technology will penetrate the
market.

This very simple reasoning shows how the effects of platooning transit from carriers to shippers, and
why carriers account for monetary effects which, at first glance, would appear to be outside their
financial perimeter. This relevance of user costs (the users being the shippers) is a classic
configuration in transportation economics.

Two very important facts are ignored with this reasoning, and must be paid specific attention to. First,
the value of platooning for each carrier depends on how many other carriers opt in. This non-trivial
market mechanism known as the club effect plays a central role in the market structure of the
platooning technology. Second, governments may influence the market uptake of platooning for
diverse reasons including the presence of externalities. These two points are discussed later on.

Carriers decisions and market uptake

As highlighted above, carriers are central to the question of platooning uptake. In order to fully
understand their role in the platooning market, it is necessary to describe precisely the actual
decision-making process of a carrier. This is a two-stage process: first, carriers decide whether they
purchase platooning-enabled vehicles; then, they decide whether their trucks form or join platoons,
each time a situation arises where such a decision has to be made. The classical approach in
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microeconomics is to first examine the latter (or lower-level) decision and then the former (or higher-
level) one.

Decision to form or join a platoon (conditional to a vehicle being equip

Assuming a given vehicle is equipped and has to transport a given shipment or set of shipments
from a given set of origins to a given set of destinations, within a given time frame, the carrier may
be presented with opportunities to form or join platoons. They will do so if and only if the benefits
outweigh the costs. The benefits will derive primarily from fuel savings for followers, and possibly
from compensations by the platoon service provider, or from taxes or subsidies. One should
distinguish the platoon formation protocol:

1 Spontaneous (or on-the-fly) platooning: trucks are already on their routes. Joining or forming
a platoon will come with coordination costs (either time loss, or detours, or both). The
expected cost of these opportunities will decrease if there are more opportunities: there is a
club effect.

9 Orchestrated (or scheduled) platooning: one firm decides to synchronize truck movements;
or several firms collaborate to synchronize truck movements. In that case, synchronization
also comes with a cost, but a higher number of participants means more opportunities, and
lesser expected costs: there is a club effect as well.

In any event, this decision is appreciated by carriers on a case by case basis: the fact that a truck is
able to platoon doesndt aut omalthetina. Hbweveretinisdecisibn
is appreciated without considering the fixed costs of having a platoon-enabled truck. The platooning
service provider costs must also be considered, but only if they are priced on a trip or distance basis.
If they are priced on another basis (e.qg. fixed yearly subscription) then they need not be considered.

Decision to purchase a platoon-enabled truck

The decision to purchase a platoon-enabled truck is taken when the need comes, for a carrier, to
replace a vehicle in their fleet, or to extend their fleet. This decision is based on the assessment, by
the carrier, of the expected costs and benefits of platooning for that vehicle, over its relevant life

t hat

cycle(i .e. from its entry tThisincludes tlexesidual walue of theesehicla r r i er

at the end of its relevant life-cycle. In other words, the carrier will make their decision on the basis of
their expectation of the value of the platooning technology, and the state of the market for second
hand trucks.

In the frame of this decision, all costs are relevant, including the vehicle purchasing costs, and all
costs coming from platooning service providers. In addition, the expected activity of the truck is
particularly relevant, as well as the decisions of other carriers. For example, if the carrier expects to
use the new truck on a wide, interurban, heavily trafficked network where there will be many
opportunities for platooning, the expected benefit of platooning will be much higher than if the carrier
expects to use the new truck on a regional, low trafficked network, over rather short distances. The
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interaction between the decisions of carriers (club effect) will not have the same nature and intensity
depending on the anticipated usage of vehicles.

Focus on the club effect

As already discussed above, one of the most important and complex economic characteristics of the
platooningtechnol ogy i s the interdependency between
a particular situation where the value of one good for one agent depends on the number of other
agents choosing to consume that good. More formally, a club good is defined as a non-rival,
excludable good: it is non-rival insofar as one agent consuming the good does not prevent another
agent from consuming the same-good; and it is excludable, in the sense where it is technically
possible to exclude some agents from consuming that good. Club theory was introduced in
Buchanan (1965), raising many questions related to the size of a club (i.e. number of agents in the
club), the size of the underlying facility (i.e. the cost and characteristics of the good which is shared
among members of the club.) A considerable literature followed, with many practical public policy
implications. Indeed, public goods are often shared, and present economies of scale which makes
sharing more cost-efficient. Public policies can aim at increasing access to some club goods (this is,
in a way, the objective of subsidizing public transportation), but must sometimes manage congestion
(a characteristics of many club goods). Sometimes, club goods are supplied by private companies,
and in those cases, the market structure naturally emerging may be considered as undesirable and
require regulation.

In any event, the value of platooning clearly increases with the number of platooning-enabled trucks
on a given network. This comes with three intuitive conclusions:

9 First, there is a positive feedback loop, where the more carriers decide to opt in, the more
platooning will be seen as valuable by other carriers.

T Second, it is very probable that there i
overcome for any significant market uptake to actually take place. In other words, the positive
feedback loop can turn into a vicious circle maintaining platooning candidates out of the
market.

9 Third, multi-brand platooning makes sense both from a private and a public perspective,
provided multi-brand platoons provide similar levels of performance as mono-brand platoons.
Indeed, multi-brand platooning allows the economies of scale of platooning to expand outside
the platooning submarkets consisting of the vehicles produced by each OEM.

Platooning is an economic issue, with a distinctively geographical dimension. It is actually very
difficult to assess exactly how the transport demand geography and transport infrastructure
topography influence the economic feasibility of platooning; however, one can qualitatively submit
that some network configurations are more favourable than others. Some of those cases are
illustrated in Figure 3 below.
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(A) Not favorable (B) Favorable (C) Intermediate
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Figure 3: Infrastructure network configuration and platooning economic feasibility

Case (A) is the least favourable case for platooning: the network (not represented) is mostly grid-
like, without a main corridor, and truck origins and destinations are almost isotropic. Truck trips are
short too. The opportunities for platoon formation are scarce, and the benefit of platooning would be
very low for carriers. It is probable that only few carriers would equip their trucks with the platooning
technology. On the opposite, case (B) is the most favourable case for platooning: the infrastructure
network is a long corridor, through which almost all trucks travel, and those trucks make long
distance trips. There are a lot of platooning opportunities, and the coordination costs remain low. In
addition, due tothe tripsé | engt hs, the benefits of platooning
context for platooning. Case (C) is somewhere in between: the fact that all trips share a common
direction weighs in favour of platooning, but the value of platooning will be limited for all the vehicles
making short trips. The market can easily fall on one side or the other: either platooning extends to
the full market, and its benefits will be very high for long distance trips; or the short distance market
doesndt o pelongimarket vdllibelless dificient.

3.1.3. OEMs
Platooning is very directly relevant to OEMs as they design and build the vehicles that could
ultimately be part of platoons. From the OEMs® pe

trucks can, or cannot, be equipped with. The question for each OEM is then: should this option be
made available to customers? And if yes, what should its price be? This question should be
examined with respect to three distinct dimensions: the direct advantages and disadvantages for
one OEM of deciding to make the option available, all other things equal; the expected strategy of
competitors; the question of interoperability (multi-brand platooning).

1 Expected costs and benefits: building platooning enabled trucks implies two types of costs.
First, the fixed costs of research and development. Second, the per vehicle cost of including
the corresponding equipment. The price and market uptake have to be sufficient to cover the
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initial investment and ongoing production cost for the OEMs. The price has to be lower or
equal to the added value of platooning for carriers, otherwise the option will not sell®.

9 Strategic interaction of OEMs: due to competition, the price cannot increase much more
above the average cost of platooning per vehicle. Indeed, according to classic economic
theories of industrial organization, under perfect competition, prices must equate marginal
costs. Under the general assumption that there are fixed costs, this result cannot hold, as
each firm would make a negative profit. Under the specific assumption of horizontal
differentiation and monopolistic competition, it is known that average costs must equate
turnovers at the static market equilibrium with free entry (Anderson et al., 1992).

1 Interoperability: multi-brand platooning brings more value to carriers than mono-brand
platooning: opportunities to form platoons are more frequent, and the expected cost of
platoon formation costs are lowered. However, the question of whether it is strategically
sound for each OEM to provide an interoperable system is not as trivial as it seems?°. The
literature concludes that private incentives regarding compatibility may deviate from social
incentives!! but as with many issues characterized with positive feedbacks, it is very difficult
to predict the spontaneous market behaviour in absence of regulation. It seems worthy to
point that the regulator should, if not strongly enforce full compatibility, at least monitor closely
the issue. It is not possible to submit a general doctrine for the regulation of this issue, but it
should be noted that it depends, at least, from the relative market shares of the OEMSs, from
the costs of ensuring compatibility, and from the potential loss in terms of level of service for
customers due to compatibility*2.

9 More precisely, with variable demand, the expected additional turnover (function of both the price and market
share i said price and market share being functions of one another) must cover the additional costs, otherwise
the OEM will decrease their profit by offering the option at said price. In the rest of the deliverable, for the sake
of simplicity and due to lacking information, it is simply assumed that platooning is sold for the same price for
all vehicles, and that there are no fixed costs for carriers.

10 The question is that of network externalities and compatibility. The concept of network externalities refers to
the presence of an increasing value of a particular type of good for its users, when more users procure the
same type of good (it is similar, to a very limited degree, with the concept of economies of scale). Producers
on a market may have an incentive to produce goods which are compatible with the competition, because it
increases the hedonic value of their goods; they can also have an incentive to produce incompatible goods,
because doing so could reduce their market power. The concept of network externalities was introduced by
Katz and Shapiro (1985), together with first conclusions regarding private and public incentives to provide
compatible goods or not, and first steps towards the identification of market failures. The literature then grew
considerably, and an overview is available in Shy (2001).

11 In other words, OEMs could prefer to provide incompatible or partially compatible systems where fully
compatible systems would be preferable from a social welfare standpoint.

12 Said costs and level of service loss can come from additional development time if development requires
coordination between OEMs; additional time to deploy software updates if those updates have to be developed
in coordination between OEMs; and reduced performance of the platooning system if the requirement that the
system allows multi-brand platoons comes with additional safety margins, and if those additional margins imply
lowered gains.
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3.1.4. Platooning Service Provider(s)

Platooning service providers are the firms in charge of providing some of the services required for
platooning to work and provide value to carriers. There are several of these requirements. At least
two of them are instrumental to the market uptake of platooning:

1 Matching: it is the role of the PSP to identify adequate candidates to platooning. Irrespective
of whether the case of orchestrated or on-the-fly platooning is considered, the PSP need
information about the routes of the candidate trucks.

1 Compensation: itis a particular feature of platooning that its benefits are absolutely not evenly
distributed among trucks at all. In the worst-case scenario, the leader truck waits for the
follower truck, the platoon is formed, then the follower truck leaves the platoon and the leader
truck resumes its trip: all costs are borne by the leader truck, whereas the follower truck reaps
all the benefits. Clearly, if no compensation mechanism is instated, the leader vehicle will
never accept to wait for the follower vehicle,
no platooning. A mechanism of compensation is, therefore, an absolute requirement.

The exact structure of the compensation scheme requires a specific analysis. A simple
compensation scheme, where benefits are evenly shared, was assumed in this deliverable when it
was necessary to specify one for modelling purposes. Undoubtedly, PSPs will design and test more
innovative and sophisticated models, which should improve the value of platooning for carriers.
However, PSPs will have costs which were also ignored in this deliverable; those costs need be
covered for PSPs to draw a positive profit, otherwise they would exit (or not enter) the market.

Fromaneconomi c perspective, PSPs aren6t only a nece
are also the vector through which part of the gains of platooning are transferred to carriers. While

they can transfer those gains in a clever and sophisticated way, it is important to keep in mind that

they will not multiply them. PSPs are facilitators; but the core value of platooning lies elsewhere.

Also, from economic theory, PSPs will be perfect facilitators (meaning that they will not subtract from

the gains of platooning more than what they require to operate) in a context of perfect competition.

If the structure of the PSP market is oligopolistic or monopoalistic, it is probable that the uptake of

platooning will be reduced. In addition, for the same reasons as those discussed with respect to

OEMs in the previous section, it is not an absolute guarantee that PSPs will spontaneously decide

to be compatible with each other. The regulator should monitor that issue as well.

Note that the anal ysi $atBIPcshkoald bg ;mndependirit firmsy e paut ore  t
subsidiaries of other firms (e.g. OEMS).

3.1.5. Insurance companies

The role of insurance companies will not be discussed in detail in this deliverable. The unique aim
of this short section is to discuss briefly how insurance companies could be a vector accelerating the
market uptake of platooning i under the condition, which remains to be proven in general (and is
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outside the scope of the ENSEMBLE project in particular) that platooning comes with specific,
robustly identified improvements®® to safety. Assuming this is the case, insurance companies can
instate monetary incentives for carriers to equip their trucks with the platooning technology. Those
incentives could (and probably should) depend on how often the trucks are part of platoons (this
requires some form of monitoring, together with, probably, a number of technical and legal
challenges.) Therefore, carriers would receive a signal of (part of!4) the impact that they would have
on road traffic safety by adopting the platooning technology and actually using it. In addition, one
could argue that insurance companies are better informed and equipped to quantify that impact. As
a consequence, and, again, assuming that platooning comes with specific safety improvements,
insurance companies can also be a vector of these improvements, and improve the market uptake
of platooning.

3.1.6. Infrastructure managers

Infrastructure managers (IM) are essential stakeholders of transport systems, as they provide access
to, and maintain, the physical and technical assets which support transportation. Their primary
objective is to provide safe, reliable and efficient pathways. They can also, depending on the
transport system, provide information, energy, and even take an active role in determining what
vehicles do and where they go (this is the case of the railway system, for example). In addition, they
may condition right-of-way to payment of tolls. Those tolls can have different roles, such as financing,
or demand regulation.

Demand regulation is to be understood in its widest sense here. Pricing for demand regulation is
often based on the theoretical idea that the
they internalize the actual cost of their decisions, including externalities. Said externalities are
typically: congestion, safety (insofar as it is an externality), GHG emissions, local pollution, noise,
wear-and-tear (insofar as it is not already included in tolls), etc. From this standpoint, infrastructure
managers should be considered as a vector for the implementation of governmental regulation,
which is discussed thereatfter.

Regarding platooning, the position of infrastructure managers is not trivial, and covers several
directions:

1 Regarding infrastructure funding: road project funding can rely, partly or fully, on public-
private partnerships (e.g. concession contracts), where users ultimately contribute to the
investment and maintenance costs of the roads. The determination of how the total cost is
shared between public and private funders involves a wide range of varied considerations,
among which the maximal turnover the infrastructure can generate. This turnover depends
on the maximum throughput of the infrastructure and its level of service for users. Platooning

13 |n this particular case, fspecificomeans, strictly speaking, that platooning provides safety improvements that
cannot be provided by the alternative technologies which will be made available or compulsory over the time
frame of the analysis.

14 Not all of the damages caused by a road accident are, or even can be, covered by insurance companies.
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may modify this maximum throughput and level of service, by an improvement of traffic fluidity
for example. As a consequence, trips would be faster, throughput higher, and travel time
reliability better. This would certainly have an impact on the funding scheme of the
infrastructure and the user charge. Given the complexity of the issue and its contingency to
many unpredictable exogenous fact or s analyded
in this deliverable.

1 Regarding infrastructure investment and maintenance costs: platooning can have a direct
and indirect impact on those cost positions. First, if platooning has an impact on infrastructure
dimensioning and/or equipment in order to reduce wear-and-tear or to resist the
consequences of accidents, infrastructure managers will legitimately consider platooning as
a potential source of cost increase. Second, if platooning is proved to improve safety, this
can come with cost reductions for infrastructure managers.

1 Regarding 12V communication: if infrastructure managers are required to equip specific parts
of their infrastructure network, and develop the assorted information systems, in order to be
compatible with platooning, then platooning will be considered as a source of costs, to be
balanced with other advantages and disadvantages in their decision process.

1 Regarding rest areas: infrastructure managers may be required to adapt the layout of rest
areas in order to be compatible with platooning, if the platooning formation protocol assumes
that platoons are constituted in rest areas.

Platooning is a complex issue for infrastructure managers, even from a purely economic and financial
perspective. There are in fact two types of issues: the first one pertains to transport regulation in
general. While it concerns infrastructure managers very directly, it is not per se an infrastructure
management type of issue. It is discussed thereafter. The second type of issues regroups all the
guestions which are of direct concern for infrastructure manager and which are at the core of their
activity. The brief discussion above lists some of them, and presents some of the underlying
guestions. Further work will undoubtedly be necessary to accompany the large-scale implementation
of platooning.

3.1.7. Regulator

The regulator refers here to all the agents and institutions in charge of writing, implementing, and
monitoring the regulations ruling the transport system. The action perimeter of transport regulation
is wide, extremely complex, implies a host of public agents of diverse competences, and is at the
intersection of varied, sensitive and often misaligned public policy issues.

The first role of regulation regarding transportation is to authorize things. Underlying issues of safety
are examined elsewhere in the project and shall not be discussed here (including working time
regulations.) As far as this deliverable is concerned, the main issues regarding platooning are:
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1 Should the deployment of platooning be supported by regulation, and if so, how?

1 If platooning interferes with public policy objectives (either positively or negatively), should
the regulator react, or adapt?

Two domains, where regulators have ground to act regarding platooning, are discussed below:
externalities, and market structure.

Externalities

Platooning is basically a technical improvement of road freight transport allowing to reduce the cost
of transportation. However, several of its characteristics are relevant to important dimensions of
public policy, especially regarding externalities. How regulators should react depend, on one hand,
on the intensity of the differential’®> impact of platooning on externalities; on the other hand, on the
current state of policy instruments already in place to internalize said externalities. Regarding the
intensity of externalities, platooning impact should be fairly limited. Also, while the situation varies
vastly from one country to another, there are already taxes and norms which, at least partly, have
the effect of internalizing some externalities.

Regardingi nt erur ban road freight transport, the quest.:

its marginal social costs) has been the object of a lot of literature. Be that as it may, there are taxes,
charges, tolls, and norms already in place in the European Union. While it is not possible to state
rigorously that the externalities of road freight transport are fully and precisely internalized in all
me mber st at es, it i snodt reasonabl e either to
aconsequenc e, one shouldndt compute the marginal
platooning should benefit from that amount as a subsidy, disregarding the current level of taxes,
charges and norms. For example, assuming that platooning would allow for a decrease in fuel
consumption: in countries where fuel taxes are reasonably close to the marginal external cost of
GHG emissions and pollution, no further action would be required.

assu
exte

Jobs and unempl oyment arenét partivheodvaluatimgtheémpacte r nal i

of an innovation in the frame of a standard transport cost-benefit analysis. However, if platooning
goes into a direction where significantly less drivers are needed, the impact it would have on the
trucking workforce will become an important issue for policymakers?®.

Finally, regulators are interested in the impact of an innovation on public finances. This impact is to
be expected if the innovation of interest is expected to modify tax revenues or subsidy expenses
substantially. In the case of platooning, theoretically, one would expect a differential impact in terms

15 As always, the impact of platooning should not be assessed in absolute but with respect to the
counterfactual, i.e. the situation that would prevail without platooning.

16 Despite the lack of visibility regarding when autonomous vehicles will become available for freight
transportation, the impact on the job market has already been under close scrutiny. See, for example, OECD-
ITF (2017).
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of fuel tax revenue, and possibly a differential impact in terms of work taxes revenue, depending on
how exactly platooning is implemented.

From the perspective of the regulator, the impacts of platooning in terms of its external effects is
summed up as follows:

1

1

T

T

T

T

where

Fuel consumption ©

Driver productivity © Emp

Operating constraints © Emp + S
Reliability (0 ) C

Probability/Severity of accidents © S
Taxes© F

refers to the environmental impacts of freight transport in terms of pollution and GHG

emissions; Emp refers to employment; S refers to safety; C refers to congestion; and F refers to
public finances.

Market structure

The economic nature of the platooning technology makes it a specific market, subject to network
externalities. As discussed above, this raises a number of issues which call for public action or, at
least, monitoring by the regulator. There are three specific questions:

1

Market uptake: it is a necessary (although not sufficient) condition that, for platooning to bring
value to carriers, enough trucks be equipped with the platooning technology. This classic
network externality can theoretically yield an inefficient self-fulfilling prophecy where every

carrier is convinced that none of its competit

their trucks. More realistically, even where there is unambiguous, actual value to platooning
from the perspective of carriers, the market uptake can be slower than ideal because some
carriers will prefer to wait, thus reducing the overall value of platooning during the transient
stage where the technology spreads. Also, the market share of platooning can stay below its
ideal value because some carriers, which find platooning almost profitable, will decide not to
equip themselves, without considering the fact that their decisions reduce the value of
platooning for the others. This mechanism is typical of network externalities and also of
transport systems (Mohring, 1972), and gives grounds to a subsidy of platooning, both in the

transient stage (to fAkickstarto the market)

Multibrand platooning: as explained above, a technology with network externalities brings
maximum value to the society when everyone opts for a product which is compatible with all
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other. However, it is not necessarily the case that the market will converge towards full
compatibility, and many equilibria are theoretically predicted, and empirically observed,
where free competition leads to only partially compatible or even fully incompatible products.
This gives grounds to the regulator to monitor the market and potentially implement relevant
actions.

1 Monopoly: on the other hand, there are classic issues associated with monopolies, including
inadequate pricing. Assuming the platooning technology is widely adopted, relevant action
will depend closely on what actually happens and what the market structure becomes.

Synthesis

Regulation is not a core question of this deliverable. However, regulators are an important agent of

al | transport systems. Therefore, it is required
possible, to extrapolate their probable courses of action. As briefly sketched in the short discussion
above, pl atooning isnot a trivial topic from the

issue of market structure (i.e. how and when the technology will spread, and what to do about it, at
all stages) is probably much more important than the topic of road freight transport externalities.

l ndeed, regarding the |l atter point, pl atooning is
transport ; but that this requiicee specifict actiomeregarding platooning on those
grounds.

3.2. Stakeholder interactions

The discussion in the previous section illustrates the complex interaction between all the
stakeholders involved in platooning. A host of agents of different natures, preferences and
constraints are interacting in and around the freight transportation system in an intricate way. The
objective of this section is to disentangle these interactions and provide a rigorous overview of the
direct and indirect effects of platooning, with the objective to identify direct and indirect drivers and
obstacles to platooning market uptake.
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Figure 4. Stakeholder interaction w.r.t. platooning in the freight transport system

Figure 4 recapitulates the interactions of stakeholders in the freight transportation system. Each
stakeholder category is represented by plain rectangles; arrows represent supplier-customer
relationships (except for the regulator, which is not a supplier per se, but provides regulations).
Platooning is made explicit as an element between OEMs and carriers: it is a technological
characteristic of the vehicles which will be acquired by carriers. Figure 4 also makes explicit the most
relevant decisions of carriers with regard platooning: equipping themselves (in vehicles) and
operating those vehicles.

The production chain is rather straightforward: OEMs provide trucks to carriers which use them (and
other inputs) to produce freight transportation (and co-products) to shippers. Shippers use freight
transportation as an input to their own value chains, which are in turn targeted at their customers. A
host of other stakeholders participate to the freight transportation system: insurance companies
provide risk related services (such as reduction, mitigation, and pooling), platooning service
providers provide support for platooning, infrastructure managers provide pathways, and the
regulator implements rules and controls the system. However, they are only indirectly relevant to
platooning, for reasons which have been addressed in the previous part and which shall be reminded
below.

3.2.1. The core value chain of freight transportation, and the core value of
platooning

As explained above, in order to understand how OEMSs can provide value to carriers, it is important
to understand how carriers provide value to shippers, and shippers to consumers. Regarding what
is important with respect to platooning, shippers provide cost-efficient logistical level of service to
their customers. In order to provide value to shippers, carriers need to provide services which fit the
expectations and constraints of shippers w.r.t. their own logistical requirements. In turn, OEMs must
provide carriers with vehicles which fit their own operating constraints and commercial objectives. In
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other words, insofar as platooning is concerned, the core value chain is simple and straightforward:
it starts from the OEMSs, go through carriers, then shippers, and eventually customers. This is
illustrated by Figure 5 below.
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Figure 5: Core value chain of platooning

From a micro-economic perspective, platooning is a modification of the characteristics of trucks. The
intrinsic benefits it brings to carriers depends on how it allows carriers to be more cost-effective, or
to improve the level of service they provide to shippers, or both. Should level-of-service decreases
(e.g. due to time loss or reliability worsened), then cost savings ought to more than compensate for
that. Cost savings for shippers result from a modification of prices by carriers, and should account
for investment costs by carriers.

There are two apparent deviations from the straightforwardness of the core-value chain, as
illustrated by the dotted, two-headed horizontal arrow in Figure 5:

1 Co-products: as previously discussed, if platooning allows carriers to produce a new type of
service (such as administrative work) which is valuable to carriers (either because they
benefit from those services directly, or because those can be sold to a third party), then
additional value is associated to platooning.

1 External benefits: also, if platooning brings value to society through externality reduction, this
value can also be associated to platooning, under specific conditions.

However, it should be kept in mind that the potential for co-products depends directly on the
possibility to have drivers work on something else during trips, when they are in a follower vehicle?’.

17 Two precisions: first, at the support level, platooning only requires that the longitudinal control be out of the
hands of the driver of a following truck. Lateral control is optional, and OEM specific, among other things. The

ENSEMBLE



More importantly, we are interested in the adoption of the platooning technology by carriers. Carriers
will only consider the costs which fall in their perimeter when deciding whether to acquire platooning
enabled trucks, and whether to actually use platooning. As far as platooning is concerned, this
means, first, that the possibility of delivering co-products acts in every meaningful way exactly as a
cost reduction; second, that externality reductions should be considered if and only if that reduction
is mirrored in the costs, taxes or turnover of carriers.

3.2.2. Potential amplifiers of the value of platooning

The core value chain of platooning is straightforward. However, other stakeholders or mechanisms
can contribute to maximizing the value of platooning for carriers. This is what Figure 6 depicts.
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Figure 6: Potential amplification mechanisms

A number of mechanisms are illustrated here. They were discussed in detail previously in the report,
so they will only be recalled here. Let us first discuss the issues of market structure:

1 Club effect: one of the characteristics of platooning as a technology is that it requires a
coordination between distinct vehicles®®. Indeed, platooning brings value only when trucks
are into actual platoons. Without ambiguity, the coordination requirement is an additional
production constraint for carriers, and will cause additional costs (either directly or through a
loss in level of service.) On average, those costs are lower when the platooning market is

possibility that the driver of a following truck works on something else while driving is non-existent. Second, if
the driver of a following truck can be removed (i.e. if one assumes a platooning function so advanced that
unmanned follower vehicles are an actual possibility), the corresponding benefits fall under the cost reduction
category, not the co-product category, even if the then unrequired driver can do something else. This situation
would be possible in the case of the Platooning Autonomous Function.

18 By coordination, we mean that, most often, distinct vehicles will to adjust their routes so that they can platoon

together. This doesndét presume that this coordination

on the fly (spontaneous platooning.)
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larger: there is a club effect. Markets with club effects come with a humber of regulatory
issues calling for attention from regulators. In the case of platooning, regulators would have
to monitor that platooning adoption is as wide as relevant®, and to ensure that the platooning
market would not present too much distortion from imperfect competition.

1 Compensation and platooning service providers: platooning requires an adequate pricing
scheme. Indeed, the leader truck benefits very little from joining a platoon, while often bearing
a large share of the coordination cost. The platooning service provider can increase a lot the
number of platooning opportunities by designing an adequate financial incentive structure.

The second issue is, broadly, that of the externalities?:

I Risks and insurance companies: in the hypothetical case where platooning would bring
safety improvements, and a reduction of the frequency and/or gravity of accidents, insurance
companies would play an important role to provide carriers with the adequate incentives, for
them to correctly integrate those safety considerations when deciding whether to acquire
platoon enabled trucks and whether to form platoons.

1 Negative externalities and regulation: platooning can, theoretically, reduce some of the
externalities of road freight transportation, mainly from a reduction in GHG emissions and an
improvement in road throughput. Regulators may adapt fiscal instruments for prices to
include those externalities.

These different mechanisms all contribute to a maximization of platooning market uptake, and
therefore its benefits. They all share the same trait: by displaying, through prices, the true benefits
(i.e. marginal social cost) of them partaking in platooning, they would substantially increase the
private value of platooning for carriers. However, they cannot make benefits appear out of nowhere.

3.3. Risk assessment

Up to this stage, the question of risks was ignored. By definition, in this report, the notion of risk

relates to the how a specific decision maker addresses the uncertainty of the outcome of a decision.

This notion is of critical importance when considering irrecoverable investments, also known as sunk

costs. On the one hand, there is a fixed cost; on the other hand, an uncertain benefit. The decision

maker is sensitive to the uncertainty of the benefit because the cost is fixed; if not, they would be

able to invest, observe the outcome, and discard i refundi t hei r i nvest ments i
with said outcome.

19 As explained previously, this includes, in theory, the adaptation of market prices so that they include the
positive externality of additional platooning users. In practice, this scheme of incentives would have to be
adapted to each road and, possibly, date and time. It would not be easy to implement. Platooning service
providers would face similar challenges.

20 speaking, it is incorrect to state that risks and insurance companies is only an externality issue. Risks are
associated to externalities for ease of presentation.
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The presence and intensity of risks for a particular investment should be assessed with respect to
the general volatility of a given market segment. In general, risk is priced through a penalty, or
premium, on the interest rate representing the cost of money (Brealey et al., 2013.) In a firm,
investments should be assessed to check that they perform better than a given internal rate of return
(IRR), typically the weighted average cost of capital (WACC), which takes the market segment risk
into account, as well as the financial structure of the firm.

In addition, the segment specific premium should be applied to a particular investment only if the
risks associated to that particular investment is similar to that of the corresponding market segment.
An investment with negative correlation with the uncertainty of the activity or profit of the market
segment should be considered with a lot of interest: its realization would actually decrease the
volatility of t Symmetricalymad swvegiment fprieserding imbré okatility than the
firmés standard activity should be made with

In this section, we are going to focus on the case of the carrier, which makes the important decision
from the standpoint of the economics of platooning: the decision to equip trucks, or not, with the
platooning technology. Let us examine a selection of risks relevant to any freight carrier, and how
platooning performs with respect to them:

1 Traffic: freight carriers are vulnerable to market size variations; and in the case of road freight
transport, market size is heavily correlated with the economic activity, i.e. GDP. Platooning
is even more vulnerable to that risk, insofar as a reduction of traffic comes with fewer
opportunities to form platoons and higher coordination costs.

9 Fuel prices: costs and prices of road freight transport depend on fuel prices. In some cases,
fuel prices variations are mechanically passed on to shippers®>. Thi s doesnodt
even for carriers: a variation of fuel prices passed on to shippers can result in a variation of
volume, therefore less volume for carriers. Regarding platooning, assuming gross savings
are one-to-one correlated to fuel prices, then the volatility of net savings is higher??.

1 Specific equipment investment: the question is that of the residual value of the platooning
equipment in the vehicles. If the equipment is specific to platooning and cannot be resold or
repurposed to any other role, then the risk associated is maximal. Conversely, if the
equipment were completely generic, the risk would be insignificant.

21 1t is a legal obligation in France to make the fuel cost explicit in road freight transport contracts, and to
reevaluate those contracts when fuel prices vary.

22 Just for the sake of illustration, assume buying a platoon enabled truck costs 1000 and yields 2000 fuel
savings over the economic life cycle of the truck: the net value of the investment is 1000. An increase in fuel
prices by 10% causes an increase in those savings by 20%, and conversely. As a result, the volatility of the
net savings is two times that of fuel prices.

I@”'}'\g
ENSEMBLE

mor e

can



1 Reaction of other carriers: the value of platooning for one carrier depends very directly from
the investment decisions of other carriers. This is a specific source of uncertainty, which
comes in addition to standard road freight transport activity.

1 Substitute technology: in the general context of the constant improvement of road freight
transport productivity, including energy efficiency; and in the particularly acute context of road
freight decarbonation, several technological directions are currently being very seriously
investigated to reduce fuel consumption or even to replace fuel with another energy vector.
If such a technology were to mature in a timeframe relevant to platooning, the added value
of platooning would have to be reassessed with respect to it. This risk is particular to
platooning, and should be accounted for accordingly.

The conclusion of this brief analysis mostly disfavours platooning from a risk assessment
perspective. As a consequence, the investment 6s
penalty; in other word, carriers should be risk adverse regarding platooning.

3.4. Business model analysis: conclusion

The network of stakeholders relevant to platooning is a complex one. However, it can be simplified
by distinguishing core benefits from indirect ones. Core benefits are benefits (or costs) which are
readily visible by carriers: cost savings, changes in level of service, without an intervention of third
parties. As explained above, the chain of direct benefits of platooning is straightforward: OEMS,
carriers, shippers, end-consumers. Platooning will yield direct benefits if, and only if, they can
make carriers more efficient, all costs considered.

Indirect benefits are benefits which can be made visible to carriers provided third parties introduce
adequate mechanisms. This include: platooning service providers, which can optimize the
coordination process through, among other things, an adequate pricing and compensation scheme;
insurance companies which can contribute to the internalization of the platoon related safety
improvements (if any), and regulators (possibly through infrastructure managers) which can
internalize the benefits of platooning regarding pollution, GHG emissions and congestion.

In addition, two facts are critical to understanding the value of platooning for the economy and the
position regulators should have with respect to platooning.

First, platooning (i.e. the decision by carriers to equip trucks so that they are able to platoon, and the
decision by carriers to actually use platooning) is the result of a sequence of private decisions, made
by carriers, who consider their own costs and benefits, and not external impacts. This is why, in order
to understand and model the market uptake of platooning, it is crucial to analyse the market from the
perspective of carriers. Moreover, it is important to keep in mind that the issue of platooning is both
an issue of equipment and an issue of operation. Those issues should not be conflated: neither is it
sufficient that two trucks are in a situation where platooning is possible for them to form platoons i
they wonot do so if the vehicles are not properly
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with the platooning technology for them to be in platoons all the time. As a consequence, the
platooning market uptake is necessarily hard to model and forecast: it is closely dependent on
economic and geographical contexts; it is not a function of heavy-duty vehicles (HDV) traffic
alone, and it depends closely on the economic life-cycle of vehicles (such information is
typically completely absent from public transport statistics, e.g. EUROSTAT databases).

Second, third parties, including the regulator, can amplify the benefits of platooning, but they
cannot make those appear out of nowhere. Theoretically, there could be external benefits of
platooning which, after internalization, would make market uptake possible. However, in practice,
there is no sensible reason to expect substantial external benefits could exist without the co-
existence of core benefits. For example, GHG emissions reductions only appear if there is a
reduction in fuel consumption. Safety improvements for other road users would only exist if there are
also i mprovements to the carriersd6 vehicles
amplify core benefits, but not replace them. In any case, if there were robust expectations of external
benefits, one could imagine that platooning be made compulsory. However, there are two serious
caveats to that scenario. First, it is certainly possible to make it compulsory for trucks to be equipped
with a platooning technology (although that decision would not come without its own technical and
legal challenges), but it is much harder to see how one could enforce the formation of platoons on
the road. Second, regulators will only decide to implement that obligation if there is a strong argument
for the benefits it would yield; this brings us back to the statement above, that the case for the
existence of these benefits is weak i fspantanequse
market uptake.

Finally, business model evaluation should not be confused with the socio-economic analysis
of the costs and benefits of platooning for society. Note that a socio-economic analysis requires
an assumption regarding market uptake: all socio-economic analyses are built on a market analysis,
although the latter is often left implicit.
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4. QUANTITATIVE MARKET UPTAKE SIMULATION

Authors:
i EI-Mehdi Aboulkacem, AME/SPLOTT, Univ Eiffel, France

9 Francois Combes, AME/SPLOTT, Univ Eiffel, France

The objective of this section is to provide an in-depth analysis of platooning market uptake, based
on an analytical approach. In line with the conclusions of the business model analysis (previous
Chapter), platooning is considered to be a two-stage decision making process where carriers decide
first whether to equip their trucks so that they are platoon enabled, and then whether to actually form
platoons with their vehicles. The analytical development is focused on platooning with two vehicles.
The economic life cycle of vehicles is considered: platooning involves an equipment decision, with
fixed costs, associated to one vehicle, and variable benefits, associated to trips, routes, and
decisions of other carriers. The modelling work also makes explicit the vehicle market dynamics:
trucks are assets with a long lifetime, and retrofit is generally not considered as an option, since
platooning requires access to internal vehicle control systems and consequently also affects type
approval. The decision of carriers regarding whether to equip their trucks and, then, to have their
trucks join platoons, is assumed to be entirely determined from the standpoint of carriers, without
government obligation. Simulations with the model are based on assumptions of reduced fuel
consumption. However, the model is adapted to account for any kind of cost reduction when platoons
are formed.

For reasons of mathematical complexity, the model does not encompass the full diversity of possible
configurations. First, only platoons of two vehicles are considered. This is a limitation compared to
what the technology considered in ENSEMBLE allows; it reduces the platoon size to two vehicles.
Also, the geographical context is represented in a simplified way. Extending the analysis to more
complex and realistic networks raises methodological and data availability challenges which are
outside the scope o f2 Limtaienyd the nsodebandetheio grobablb impaats t
on the quantitative results are discussed during the analysis.

The chapter proceeds in four sections. Section 4.1 presents a static microeconomic model which will
be used as a basis for the whole chapter. Section 4.2 extends the static model to a dynamic
framework. Section 4.3 presents the quantitative results. Section 4.4 concludes the chapter.

23 To be more precise, it is possible to extend the analysis to more complex networks, but not without letting
go of central characteristics of the model, including the two-stage decision process, and the consideration of
the economic life cycle of the vehicles.
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4.1. Static microeconomic platooning model

It is assumed that platooning mainly brings value to carriers via a reduced fuel consumption.
However, platoon creation is a complex and potentially costly process. Several papers have
investigated the issue. For example, Liang et al. (2016) investigate platoon formation in a case where
a given number of heavy-duty vehicles (HDVSs) are on a road and consider whether joining platoons
or follow a given trajectory alone. In their paper, the authors consider in detail the fuel savings, and
assume that the arrival times of vehicles are fixed (instead of considering a monetary penalty for
arriving late, or cost savings for travelling faster). Van de Hoef and Johansson (2018) study the
problem of finding a globally fuel-efficient plan of platoon formation over a road network, while
respecting arrival time constraints. In this model, speed is assumed to be piece-wise constant. The
platoon plan is designed and advertised by a centralized planner, with which the vehicles must
provide their assignment data. The problem of finding an optimal plan is difficult. Finally, Johansson
et al. (2018) consider the non-centralised case: what happens if each vehicle takes the optimal
decision for them? This is a classic context of game theory, where one is interested in a non-
cooperative (also known as Nash) equilibrium. In the later, arrival time can depart from (and actually
exceed) the initial arrival time, but at a cost. Bakermans (2016) designed a simple model which helps
grasping the underlying mechanisms: it is much simpler than the other models, but it lends itself to
microeconomic analysis more easily, with a generic representation of the cost for carriers to change
travel times and arrival times, with a value of time in a generalized cost function (a classic approach
in transport economics.) A similar approach is followed here.

4.1.1. Modelling framework

On-the-fly platooning (or spontaneous) is considered. The trade-off between being in a platoon or
remaining alone for a given pair of vehicles is investigated. 0 1T, two vehicles are on a given road,
in the same direction. The first one, the leader ¢ is at coordinate 'Q 11 (the intervehicle distance)
and will leave the road at coordinate Q 'Q . The second one, the follower, is at coordinate 0 and
will leave the road at coordinate 'Q . In contrast with Liang et al. (2016), van de Hoef and Johansson
(2018) and Johansson et al. (2018), HDVs are assumed to run at the maximal legal speed in the
benchmark scenario. In the following, it is assumed that if the vehicles form a platoon, then the
platoon will also run at maximum speed®*.

In order to assess the costs and benefits of platooning for carriers, it is necessary to distinguish the
fuel cost n "Q(where 1 is the fuel price [ G/ LQthe fuel donsumption [L/km]), the distance-
dependentcost® [ U/ km] (vehicle wear and tear@[toh]s(veht
capital opportunity cost, wages, etc.) It is also necessary to account for the willingness of shippers
to reduce traveltime| [ U/ h] : even if the carrier does not be:
to pay of shippers for commodities to move faster will be mirrored in price: going slower means less

24 1f, for some reason, vehicles were required to move below maximum legal speed when in platoons, the
business case of platooning would be considerably worse.
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revenue. In other words, & is the carrier value of time, and| is the shipper value of time. All costs
are in real®® monetary units.

To travel a distance Qat speed 0, the transport cost is:

v - - Q
W N wQ w |E

4.1.2. Options and costs

Let us first consider the case where the leader leaves the road after the follower?: Q Q Q.
This situation is illustrated by Figure 7.

¢ ¢ ,
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Figure 7: Initial situation

oy

Under the assumption that both vehicles run at maximum legal speed, the follower vehicle cannot
catch up the lead vehicle to form a platoon. On the contrary, the lead vehicle has two options:

- Option n': the leader and the follower do not form a platoon: it& the reference option.

The fuel consumption is the same for both trucks and denoted by (. Both vehicles
run at constant speed 0 .

- Option 0: the leader and the follower form a platoon. The fuel consumption under this
scenario is "Q for the leader and "Q for the follower (with"'Q  "Q  "Q). The follower
runs at speed v and the leader will slow down at speed 0 while waiting for the

second vehicle and 0 afterwards?’. The distance the leader has covered when the
platoon is formed is Q .

Consider option ' . The costs for the leader and the follower are, respectively:

. . Q
8 o g & -

. . Q
8 & AR b -

25 Daily life prices are in nominal monetary units. By contrast, real monetary units are net of inflation. Prices
which increase at the same rhythm as inflation are stable in real units.

26 All the calculations below can easily be generalized to account for the other case. For the sake of simplicity
and clarity, the generalization is skipped. Qualitative conclusions are unchanged. The reasons why
generalizing the model to platoons with more vehicles is mathematically cumbersome, and without substantial
relevance, are discussed in more detail in Section Error! Reference source not found..

27 By approximation, speed is assumed to be piecewise constant with respect to time.
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Now, consider option 0. The follower will cover distance Q@ 'Q before the platoon creation, then
‘Q in the platoon, before leaving the road. With the notations above, Q@ Q Q Q. As for the
leader, it will cover distance Q before the platoon creation, then 'Q inside the platoon, then ‘Q
‘Q Q after the platoon break, i.e. a total distance outside a platoon Q Q. Note that for the
moment we assume no compensation scheme?®. Therefore, the costs for the leader and follower
are, respectively:

® ©Q A0 Q /100 o |

- Q Q Q
0

@ ©Q A0 QO AN O | —
The cost increment for the follower of being in a platoon compared to staying alone is:
O & nQ e mn

This cost increment is always negative. The follower does not lose time, being always at maximum
speed?®, but saves fuel once in the platoon. Therefore, under the modelling assumptions, it is always
beneficial for the follower to opt for the platoon option.

The cost increment for the leader of being in a platoon compared to staying alone is:

@ & N d0 o | P P g

O 0
This cost increment can be positive or negative. It consists of two components: on one hand, the
leader saves fuel once in the platoon; on the other hand, the leader loses time when slowing down
to allow the follower to reach him: there is a penalty to forming a platoon. The profitability for the
leader to form a platoon depends on several parameters, including trip length, the speed during

platoon creation, the cost parameters, etc.

In order to further investigate this decision, it is necessary to derive Q and ‘Q . To do so, note that
at 0 Tt the distance between the leader and the follower is ‘Q . However, when the platoon is
formed, this distance falls down® to 0. This is illustrated by the diachronic graph below (Figure 8).

28 This assumption is relaxed later on.

29 Provided the platoon does not have to dissolve and be created again for other reasons (such as to cross a
bridge, etc.) The consequences of relaxing this assumption would degrade the overall profitability of platooning
for carriers, as, each time, the follower would have to slow down in order for the platoon to break, and then the
leader would have to slow down for the follower to catch up and form the platoon again.

30 For simplicity we ignore vehicle length and minimal inter-vehicle distance.
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Figure 8: Platoon creation: distance-time profiles

Variables Q and 'Q are such that:

Q Q Q
0 0
As a conseguence:
b
) )
Q Q Q
PP b0
0 0

And Q Q 'Q Q. Note that necessarily, Q T If'Q 'Q 'Q, the platoon cannot be

formed, the followerés trip length is too smal/l
0 .
Q —FFQ EA Q Q
0 U

This allows to derive the gain platooning brings to the leader:

. 0 &)
& 3 a9 o — 0o 2L 1lqg
V) U
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The platooning option is profitable for the leaderif & @ i.e.:

Cwn e VI @ |
n 84 Q@ Q ——0Q - Q
V] 0 V]
This condition can be written as:
‘ ’ o h “Q “Q ‘
Q Q x E OEQ Q
w | L N )]
5 - ne

The threshold distance is proportional to trip length 'Q, and decreases with 0 in a nonlinear way.
Figure 9 illustrates, qualitatively, how the threshold varies with ‘Q and U : the higher the trip length,
the lower the threshold distance; on the contrary, the closer the waiting speed is to the maximum
legal speed, the longer the threshold distance. Keeping in mind that the lower the threshold distance,
the less HDVs will form platoons, this means that a favourable configuration for platooning will be
where trucks share long distances in common, and if the difference between the waiting speed and
the maximum legal speed is large. Of course, the latter parameter comes with its own host of issues,
safety wise.

Threshold distance dj, [m]
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Figure 9: threshold distance as a function of shared trip length and waiting speed®!

The sensitivities of the platooning optionbés val uct
are listed below. Note by fAeconomic condi t i oncenibinatienssuahf er t
that the leader will consider waiting the follower to join a platoon. A corollary implication is that by

31 The only objective of this figure is to illustrate the relationshipbetwee n t he model 6s par ameter
It is not numerically calibrated and the reader should not pay attention to the values. Calibrated simulations
are presented later on the report.

.@?@
ENSEMBLE



i wi

dening economic conditionsd we refer to a

defined increases (in a geometric meaning) with the variation of a given parameter.

T

T

1

n : higher fuel prices improve the economic conditions for platoon formation.
"A: higher fuel consumption improves the economic conditions for platoon formation.

"3 "Q:the economic conditions for platoon formation widen if platooning allows more fuel
savings.

The conclusions stand if the monetary savings allowed by platooning come from other
causes: any vector through which platooning would bring direct monetary benefits to carriers
will have the same effect on the economic conditions for platoon formation.

‘Q : anincrease in the follower trip length improves platooning value. Platooning is more likely
to happen when trucks share a long part of their paths.

‘Q : an increase in the initial inter-vehicle distance reduces platooning value. This is related
to traffic flow: the higher the relevant traffic density, the wider the economic conditions for
economic conditions. This was discussed already in the previous qualitative business model
discussion, and is accounted for very precisely in the rest of the report.

L : the economic conditions for platooning formation are wider when the legal speed is
higher: note that this can hardly be considered as an instrument: a modification of b would
have many other implications.

U : an increase in the waiting speed decreases the probability of platoon formation. In this
model, the sooner the leader is in the platoon, the sooner the follower benefits from fuel
savings. Ideally (from a financial standpoint), the leader should stop on the road and wait for
the follower. Obviously, this is quite theoretical.

& and| : both these parameters decrease the value of platooning if they are increased: the
time loss due to joining a platoon will be all the more disadvantageous when the values of
time of the carrier and shipper are high.

Note that in most cases, the widening of the economic conditions of platoon formation come together
with an increased value of platooning, but the two issues are, strictly speaking, different. The value
of platooning is, in the end, the parameter to focus on; it is the basis of the decision for the carrier to
equip their vehicles with the platooning technology.

4.1.3. Optimal decisions for carriers

The sensitivity analysis shows that the value of platooning depends on the inter-vehicle distance Q .
This inter-vehicle distance decreases when there is more relevant traffic, and equipped with the
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