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Abstract

This paper models a platooning system consisting of trucks and a third-party
service provider (TPSP), which performs platoon coordination, distributes the
platooning profit in platoons, and charges trucks in exchange for the services.
Government subsidies used to incentivize platooning are also considered. We
propose a pricing rule for the TPSP, which keeps part of the platooning profit
including the subsidy each time a platoon is formed. In addition, a platoon coor-
dination solution based on the distributed model predictive control (MPC) is
proposed, in which the pricing rule under government subsidies is integrated.
We perform a realistic simulation over the Swedish road network to evaluate the
impact of the pricing rule and subsidies on the achieved profits and fuel savings.
Our results show that subsidies are an effective mean to boost fuel savings from
platooning. Moreover, the simulation study indicates that high pricing corre-
sponds to a low platooning rate of the system, as trucks' incentives for platooning
decrease.
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1 INTRODUCTION

Truck platooning is an advanced technology in transporta-
tion systems, which allows trucks to be lined up on roads
and drive in formation with small intervehicle distances.
Compared to driving individually, driving in platoons help
trucks save fuel consumption and decrease greenhouse
gas emissions, due to the reduced aerodynamic drag expe-
rienced by the follower trucks. As has been shown by
the field test on a four-truck automated platoon in the
Energy ITS Project [1], platooning yields average fuel sav-
ings of 15% with 4-m intervehicle gaps. Another field test
in [2] demonstrated that the leader truck of a platoon can

achieve 4%–5% of fuel savings and the follower trucks can
achieve 10%–14% of fuel savings. In addition to improving
fuel economy, truck platooning contributes to increasing
road capacity, reducing traffic jams, enhancing driving
safety, cutting laboring costs, and alleviating driver short-
ages (see, e.g., [3–6]). In the past decades, platooning
technology has been actively researched in both industry
and academia, for example, in the research projects
CHAUFFEUR [7], SARTRE [8], COMPANION [9], and
ENSEMBLE [10].

Platoon coordination is critical for trucks that have
different routes and time schedules to form platoons
and enjoy platooning benefits. To date, there have been
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extensive achievements in coordination schemes to facil-
itate the formation of platoons, including optimizing the
transport routes [11], adjusting trucks' driving speeds on
routes [12], scheduling trucks' waiting and departure times
at hubs [13–16], and co-design of the routes and travel
times required to traverse the routes [17]. However, most
of the existing coordination schemes have been developed
in a centralized framework, where the goal is to maximize
the platooning profits of all trucks in the system. These
methods become inapplicable to large-scale networks con-
sisting of a vast number of trucks from different carriers,
due to the heavy computational load and noncoopera-
tive optimization targets. To deal with this scenario, the
authors in [18] proposed a noncooperative game-theoretic
approach to optimally schedule trucks' waiting times for
forming platoons. However, since their method is based
upon a Nash equilibrium solution of a platoon coordina-
tion game, it requires a large number of iterations when
considering many trucks and thus, may also face the chal-
lenge of low computational efficiency. In [19], a distributed
model predictive control (MPC) approach for addressing
the hub-based platoon coordination problem was devel-
oped, where trucks schedule their waiting times indepen-
dently given the predicted departure times of others. Such
a coordination mechanism allows for distributing the com-
putation load and is suitable for platoon coordination in
large networks, but it requires full communication among
trucks. The information shared among trucks includes
their delivery routes, predicted arrival and departure times
at hubs, and the achieved platooning benefits. In practice,
trucks owned by different carriers may not share travel
information and platooning profits with others due to pri-
vacy concerns. To avoid direct information-sharing among
carriers and trucks, a third-party service provider (TPSP) is
needed, which performs platoon coordination, distributes
platooning profits among trucks, and takes a service fee in
exchange for offering the coordination service.

Today, to cope with global climate change, more than
190 countries have signed the Paris Agreement with the
common goal of achieving carbon neutrality by 2050.
Since transportation is responsible for approximately 20%
of the greenhouse gas emissions worldwide [20], govern-
ments have enacted a number of policies and measures to
reduce carbon emissions resulting from the transport sec-
tor, including the establishment of carbon emission trad-
ing systems [21], the provision of tax breaks to encourage
the use of renewable fuels [22], and the promotion of the
electrification of fuel-powered vehicles with subsidies [23].
In this context, governments may also be interested in sub-
sidizing truck platooning. Given government subsidies,
how the TPSP determines its pricing rule for providing

platoon coordination services to trucks, and how the gov-
ernment subsidy and pricing rule affect trucks' platooning
behaviors have not been studied in the existing literature.

The profit-sharing schemes within platoons have
attracted increasing attention recently. In [24], a nonco-
operative game modeling truck platooning was presented
and three different schemes to share profit were devel-
oped. On the contrary, the authors in [25] modeled the
behaviors of trucks in a cooperative game, where the
proposed profit-sharing scheme makes trucks have no
incentive to not follow the system-optimal solution.
Different from these works, in this paper, a large-scale
platooning system is considered and the profit-sharing
scheme between trucks and the TPSP with government
subsidies is taken into account. More specifically, we
study a class of pricing rules for the TPSP, which provides
platoon coordination service to individual trucks, shares
platooning profit among trucks in platoons, and charges
trucks service fees in exchange for offering the service
while taking into account government subsidies.

As shown in Figure 1, the working scheme of the pla-
tooning system model developed for the TPSP can be
divided into two phases: Offline evaluation and online
optimization. (i) Offline evaluation phase: given the gov-
ernment subsidies and travel plans of trucks, including
trucks' delivery routes, starting travel times, deadlines,
etc., the TPSP could evaluate its profit and decide prop-
erly the pricing rule. (ii) Online optimization phase: The
TPSP could then collect live data from trucks, including
trucks' dynamic locations, travel times on routes, and wait-
ing and departure times at hubs. Based on trucks' travel
plans and the pricing rule determined offline, the TPSP
could offer real-time platoon coordination service to every
truck arriving at a hub, where the service refers to the opti-
mal suggested waiting time for each truck. Meanwhile, in
exchange for providing the service, the TPSP could charge
the truck a service fee or compensate the truck to balance
the platooning profits among trucks. Here, we note that
the platooning system model in Figure 1 is developed from
the viewpoint of the TPSP, where we assume that trucks
will be willing to use the platoon coordination service if
every truck has a non-negative profit from platooning. In
addition, the government subsidy on truck platooning is
assumed to be known by the TPSP. We also note that this
paper is an extension of our previous work in [26], where a
pricing rule of the TPSP was studied, without considering
the interaction and influences of the government subsi-
dies. To summarize, the major contributions of this paper
are as follows.

• We model a platooning system consisting of trucks and
a third-party platoon coordination service provider with
subsidy support from the government. A pricing rule
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FIGURE 1 Illustration of the platooning system model developed for the TPSP, which consists of the offline evaluation phase and online
optimization phase.

of the TPSP is developed to charge trucks that use the
platoon coordination service.

• We propose a distributed platoon coordination
approach for the TPSP based on the MPC scheme, in
which the pricing rule of the TPSP under government
subsidies is integrated.

• We perform a realistic simulation study over the
Swedish road network to evaluate the impact of the pric-
ing rule and subsidies on the profit distribution between
trucks and the TPSP, and on trucks' platooning behav-
iors. Our simulation results show that subsidies are
effective in boosting fuel savings from platooning and
can increase both the profits of trucks and TPSP.

• We present the simulation where we study the trade-off
between the profits of trucks and TPSP. The results show
that TPSP should determine the pricing rule carefully as
a high service price decreases trucks' incentives to form
platoons and corresponds to a low platooning rate.

The rest of the paper is structured as follows. Section 2
proposes the pricing rule of the service provider that takes
into account government subsidies. Section 3 introduces
the distributed MPC-based platoon coordination approach
wherein the pricing rule is integrated. Section 4 provides
the simulation study and evaluation results. Finally, in
Section 5, we conclude this paper and discuss the direc-
tions for future work.

2 PRICING RULE UNDER
GOVERNMENT SUBSIDIES

This section presents the pricing rule of the third-party
platoon coordination service provider that considers the
government subsidies to incentivize platooning. First of

all, we make use of Figure 2 to illustrate the financial flow
among the government, the service provider, and trucks in
a platoon.

As shown in Figure 2, the TPSP receives subsidies from
the government and uses them to increase the platooning
profit. Meanwhile, the TPSP charges trucks service fees for
offering the platoon coordination service each time a pla-
toon is formed and distributes the remaining platooning
profit among trucks in the platoon. In the following, we
will introduce in detail the platooning profit under gov-
ernment subsidies, the pricing rule to charge trucks, and
the compensation rule to balance the profit sharing among
trucks.

2.1 Platooning profit under subsidies
Trucks traveling in platoons can save fuel due to the
reduced aerodynamic drag. As reported in [27–29], it is
known from the field tests on truck platooning that every
follower truck in a platoon has approximately the same
fuel savings while the leader truck has significantly lower
fuel savings. For simplification, we assume that every fol-
lower truck has the same platooning profit while the leader
truck does not directly benefit from platooning (i.e., it has
zero profit). We denote by B𝑓 the platooning profit of each
follower truck obtained by forming platoons with other
trucks, which can be depicted by

B𝑓 = 𝜉c, (1)

where 𝜉 denotes the platooning profit per follower truck
per unit of travel time and c denotes the travel time of
the follower truck. With government subsidies, the TPSP
could increase the platooning profit of every follower truck
in platoons to incentivize platooning. The new platooning
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FIGURE 2 The financial flow among the government, the TPSP,
and trucks in a platoon.

profit of each follower truck under government subsidies
is denoted by

Bs
𝑓
= (𝜉 + 𝛾)c, (2)

where 𝛾 represents the government subsidy per follower
truck per travel time unit. This indicates that the longer the
travel time c and the more follower trucks in the platoon,
the higher platooning profit can be achieved by trucks.

Remark 1. Increasing the subsidies 𝛾 in Equation (2) is
mathematically equivalent to increasing the platoon-
ing profit 𝜉. In this paper, we study the role of the
subsidies 𝛾 in promoting platoon formation and fuel
savings while assuming that the value of 𝜉 is fixed.
In reality, the fluctuation of fuel prices, technologi-
cal improvements in platooning, and other platooning
benefits such as less labor costs can also bring changes
in the platooning profits and the platooning incentives
of trucks.

2.2 Pricing rule
The pricing rule is set by the TPSP to charge trucks using
the platoon coordination service. In this paper, we propose
a pricing rule for the TPSP, where the TPSP charges every
follower truck a service fee each time a platoon is formed
and compensates the leader truck to offset the disparity
between the leader's earnings and those of follower trucks.

Let us consider a platoon comprised of n trucks where
each truck cares about its own platooning profit. The ser-
vice fee used to charge each follower truck in the platoon
is denoted by F𝑓 , and there is no service fee for the leader
truck. In order to balance the platooning profits among all
trucks in the platoon, the TPSP keeps part of the service
fee as its profit and uses the other part of the service fee to
compensate the leader truck. That is,

F𝑓 = Fs𝑓 + Fl𝑓 , (3)

where Fs𝑓 denotes the part of the service fee from one
follower truck kept by the TPSP as its profit, and Fl𝑓
denotes the rest part of the service fee per follower used
to compensate the leader truck. For a platoon of n trucks,
the remaining platooning profit after the payment of the
service fee is (Bs

𝑓
− Fs𝑓 )(n − 1), where (n − 1) is the num-

ber of follower trucks in the platoon. To make sure that the
leader and follower trucks can equally share the remaining
platooning profit, we divide the remaining profit among n
trucks and each truck achieves

B̄t =
(n − 1)(Bs

𝑓
− Fs𝑓 )

n
. (4)

Therefore, by setting (n−1)Fl𝑓 = B̄t, we can obtain that

Fl𝑓 =
Bs
𝑓
− Fs𝑓

n
. (5)

In this way, the TPSP can keep the profit of (n − 1)Fs𝑓
from a platoon of n trucks by charging each follower truck
a service of F𝑓 , and the remaining platooning profit is
shared evenly among trucks in the platoon. In this paper,
we consider Fs𝑓 as the following form:

Fs𝑓 = 𝛼Bs
𝑓
, (6)

where 0 ≤ 𝛼 ≤ 1 is the adjustable parameter that reg-
ulates the profit sharing between trucks and the service
provider. Given the above, the service fee of each follower
truck in a platoon is obtained as

F𝑓 = 1 + (n − 1)𝛼
n

Bs
𝑓
. (7)

The total profit of the service provider obtained from the
platoon of n trucks is denoted as

Ps = 𝛼(n − 1)Bs
𝑓
. (8)

Remark 2. As seen in Equation (8), the TPSP can
adjust the proportion of the platooning profit it charges
by varying the value of 𝛼, which in turn changes the
remaining platooning profits kept by the trucks and
affects their incentives to platoon. That is, there exists
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a trade-off between the profits of trucks and the ser-
vice provider. In addition, the government subsidies
will lead to a higher Bs

𝑓
compared to B𝑓 , which has a

positive impact on both the profits of the trucks and
the TPSP.

2.3 Compensation rule
The compensation rule is employed by the TPSP to deter-
mine the compensation for the leader truck each time a
platoon is formed. As proposed in Equation (5), the profit
of the leader truck obtained from the platoon of n trucks,
that is, the compensation offered by the TPSP, has the
following form:

Pl = (n − 1)Fl𝑓

= (n − 1)(1 − 𝛼)
n

Bs
𝑓
,

(9)

which is equal to the average platooning profit B̄t kept by
every truck in the platoon and is equal to the platooning
profit P𝑓 saved by each follower truck. Namely,

P𝑓 = Bs
𝑓
− F𝑓 = Pl. (10)

3 DISTRIBUTED PLATOON
COORDINATION

This section presents the MPC-based platoon coordination
approach integrated with the proposed pricing rule. First,
the model of the transport system is introduced, including
the road network and the dynamic models of trucks. The
utility function of every truck is then proposed. Finally, the
distributed platoon coordination problem for determining
the optimal waiting times of trucks is provided.

3.1 System model
We consider a transport system that consists of M trucks,
where every truck travels from its origin hub to its desti-
nation hub to fulfill a delivery task. Each truck i ∈  =
{1, … ,M} has a fixed route and can form platoons at hubs
along its route. We index the origin hub of truck i as the
first hub and index its destination hub as the Ni-th hub.
The route of truck i can be denoted by the set

i = {ei(1), … , ei(Ni − 1)}, (11)

where ei(k) denotes the k-th route segment of truck i
connecting its k-th and (k + 1)-th hub.

To proceed, we denote by ai(k + h|k) and wi(k + h|k)
the predictions of the arrival and waiting times of truck
i at its (k + h)-th hub predicted at its k-th hub, where
h ∈ {0, … ,Ni − k}. The travel time on the route segment

ei(k) is denoted by ci(k). Then, the arrival times of truck i
at hubs can be computed by the following equations:

ai(1) = ti,start (12)

ai(k + h + 1|k) = ai(k + h|k) + wi(k + h|k) + ci(k + h),

h = 0, … ,Ni − 1 − k,
(13)

where, in particular, the arrival time of truck i at its origin
hub, denoted by ai(1), is given by ti,start. Since every trip has
its delivery deadline to respect, it requires that ai(Ni|k) ≤

ti,end, where ai(Ni|k) is the predicted arrival time of truck
i at its destination hub and ti,end represents its latest time
allowed to reach the destination.

3.2 Utility of trucks
The utility of a truck includes the reward that the truck
gains from forming platoons and the loss caused by waiting
at hubs. In this paper, we assume that every truck is owned
by a different carrier and aims at optimizing its own utility.
Below we start by presenting the reward function of each
truck.

3.2.1 Reward function
According to Equations (9) and (10), the remaining pla-
toon profit is distributed evenly between the leader and
follower trucks in each platoon. That is, for any truck i
traveling in a platoon on its route segment ei(k), no mat-
ter whether it is a follower or a leader truck, its platooning
profit is the same. By Equation (2), the platooning profit of
each follower truck on ei(k) under government subsidies is

Bs
𝑓
= (𝜉 + 𝛾)ci(k), (14)

where, as previously defined, 𝜉 is the platooning profit per
follower truck per travel time unit and 𝛾 is the government
subsidy to each follower truck per travel time unit. More-
over, ci(k) denotes the travel time on the route segment
ei(k), which is given by the dynamic model in (13).

To form a platoon at a hub, the departure times and the
routes of trucks in the platoon must be synchronized. Next,
the size of a platoon formed at a hub is characterized. The
dynamic models of individual trucks in Equation (13) indi-
cate that the arrival time of a truck at its (k + 1)-th hub is
predictable given its arrival and waiting times at its k-th
hub. In other words, with the knowledge of other trucks'
predicted departure times from hubs, the service provider
could predict the platooning partners for each truck at
every hub along its route.

Let i(k + h|k) be the set of the predicted platooning
partners of truck i on its (k+h)-th route segment, which is
predicted by the service provider to decide truck i's waiting
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times at its k-th hub. More precisely, i(k + h|k) includes
trucks that are predicted to depart from the (k + h)-th hub
in the route i at the same time as truck i and have the next
route segment in common with truck i, including truck i.
To represent i(k + h|k), we denote by i(k + h) = {𝑗 ∈
 ∶ ei(k+h) ∈ 𝑗} the group of trucks that have the route
segment ei(k + h) in their routes. Then mathematically,
i(k + h|k) can be denoted by

i(k + h|k) = {𝑗 ∈ i(k + h) ∶ ai(k + h|k) + wi(k + h|k)
= d𝑗i(k + h|k)} ,

(15)
where d𝑗i(k + h|k) denotes the predicted departure times
of other trucks 𝑗 ∈ i(k + h) at the (k + h)-th hub of truck
i when truck i makes the waiting time decision at its k-th
hub. On this basis, the size of the platoon formed by truck
i and other trucks on ei(k + h) equals the cardinality of its
predicted platooning partner set, that is, n = |i(k+h|k)|.
Truck i can choose which trucks to form platoons with at
each of its hubs (k + h) by controlling its waiting times
wi(k+h|k), and forming platoons with different trucks can
lead to different platooning profits for truck i.

By Equations (9), (14), and (15), the platooning profit of
truck i on its route segment ei(k + h) predicted at its k-th
hub is of the following form:

Ri(k + h|k) = (1 − 𝛼)(𝜉 + 𝛾)ci(k)
|i(k + h|k)| − 1
|i(k + h|k)| , (16)

where i(k+h|k) includes all the trucks predicted to form
a platoon with truck i at its (k + h)-th hub.

For any truck i arriving at its k-th hub, considering all the
platooning profits on its remaining route segments, that is,
from its k-th to (Ni − 1)-th route segment, the profit that
truck i predicts to achieve is

Ri(k) =
Ni−1−k∑

h=0
Ri(k + h|k), (17)

which gives the reward function of truck i at its hub k.

3.2.2 Loss function
Waiting at hubs increases the probability of joining pla-
toons for trucks but may also increase their waiting loss
during the entire journey due to the extra labor costs and
the higher risk of being delayed. For any truck i at its k-th
hub, the predicted waiting loss at all its remaining hubs,
from the k-th to (Ni − 1)-th hub, can be denoted by

Li(k) =
Ni−1−k∑

h=0
𝜖wi(k + h|k), (18)

where 𝜖 denotes the monetary loss per waiting time unit
and wi(k+h|k) is truck i's waiting time at its (k+h)-th hub
predicted at its k-th hub.

3.2.3 Utility function
Given the above, the utility function of truck i at its k-th
hub, including the predicted platooning reward and the
waiting loss at all its remaining hubs, can be denoted as

Ji(k) = Ri(k) − Li(k). (19)

By maximizing the utility Ji(k) for every truck i arriving
at one of its hubs, the service provider is able to provide the
optimal waiting time for each truck to form platoons.

3.3 Platoon coordination problem
In the following, the platoon coordination problem of
individual trucks is presented. Given the routes, dynamic
models, and delivery deadlines of every truck, the service
provider could suggest an optimal waiting time for each
truck arriving at a hub. To provide satisfactory coordina-
tion service to each truck while making the problem com-
putationally tractable, the platoon coordination problem
of truck i at its k-th hub is formulated as the following
distributed MPC problem:

max
wi(k),bi(k)

Ji(k) =
Ni−1−k∑

h=0
(1 − 𝛼)(𝜉 + 𝛾)ci(k)

||bi(k + h|k)||1
||bi(k + h|k)||1 + 1

−
Ni−1−k∑

h=0
𝜖wi(k + h|k),

(20a)

s.t. ai(k|k) = ti,arr(k), (20b)

ai(k + h + 1|k) = ai(k + h|k) + wi(k + h|k)
+ ci(k + h), h = 0, … ,Ni − 1 − k,

(20c)

||ai(k + h|k) + wi(k + h|k) − d𝑗i(k + h|k)||
≤ 𝛿i

(
1 − bi𝑗(k + h|k)) , 𝑗 ∈ i(k + h),

h = 0, … ,Ni − 1 − k,

(20d)

bi𝑗(k + h|k) ∈ {0, 1}, 𝑗 ∈ i(k + h),

h = 0, … ,Ni − 1 − k,
(20e)

bi(k + h|k) = [bi𝑗(k + h|k)]𝑗∈i(k+h),

h = 0, … ,Ni − 1 − k,
(20f)

ai(Ni|k) − ti,end ≤ 0, (20g)

where (20b) denotes truck i's arrival time at its k-th hub
and (20c) is its dynamic model used to predict its arrival
time at each hub. The optimization variables of the
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problem (20) include the waiting times wi(k) and the
integer variables bi(k), which have the following forms:

wi(k) = [wi(k|k),wi(k + 1|k), … ,wi(Ni − 1|k)],
bi(k) = [bi(k|k), bi(k + 1|k), … , bi(Ni − 1|k)].

As given in (20e) and (20f), bi(k + h|k) denotes the vector
composed of the binary variables bi𝑗(k+h|k) ∈ {0, 1} with
𝑗 ∈ i(k + h) and h = 0, … ,Ni − 1 − k, where each
binary variable captures if truck i forms a platoon with
other trucks 𝑗.

The predicted platooning partner set i(k+h|k) defined
in (15) is denoted by (20d), where 𝛿i > 0 is a sufficiently
large relaxation parameter. By (20d), we have bi𝑗(k+h|k) =
1 if truck i has the same predicted departure time as truck
𝑗 at its (k + h)-th hub. The cardinality of i(k + h|k) can
be then represented as ||bi(k + h|k)||1, where the 1-norm
||v||1 denotes the sum of the absolute values of all the ele-
ments in the vector v. Finally, the constraint (20g) ensures
that truck i respects its delivery deadline at its destination.
By solving problem (20), the optimal waiting time w∗

i (k|k)
computed by the TPSP will be used as the optimal waiting
time provided to truck i. The other optimal waiting times
[w∗

i (k + 1|k), … ,w∗
i (Ni − 1|k)] computed for the remain-

ing hubs will be saved by the service provider and used as
the predicted waiting times of truck i when scheduling the
waiting times of other trucks.

In (20a), the objective is to maximize the utility of truck i,
including its predicted platooning reward and waiting loss
at all hubs in its remaining route. It is worth noting that,
maximizing the profit of the TPSP is equivalent to maxi-
mizing the platooning reward of the truck i. The reason
for not using the profit of the TPSP as the objective is that
it may result in a waiting time decision for truck i leading
to a negative utility Ji(k). As a result, truck i may not fol-
low the suggested waiting time and decrease its incentive
to use the service.

Remark 3. The problem in (20) is a mixed-integer non-
linear program, which is difficult to solve by existing
solvers, especially when considering large-scale trans-
port networks with a vast number of trucks. In this
paper, we resort to the dynamic programming (DP)
method to address it. Specifically, given the predicted
departure times of other trucks, the decision-making
of each truck is decoupled, and the decision and state
space of each truck can be discretized accordingly. This
allows us to generate a DP graph for every truck arriv-
ing at each hub and solve the problem (20) by the DP
method [30].

Remark 4. The optimal waiting time w∗
i (k|k) is com-

puted based on the predicted departure times of other
trucks. As trucks can change/update their waiting

decisions at each hub, the proposed platoon coordina-
tion approach cannot guarantee that every truck will
join a platoon by waiting at its k-th hub for w∗

i (k|k).
To make sure that trucks can achieve non-negative
platooning profits and thus enhance their willingness
to use the coordination service, we consider the case
where the service provider would afford trucks' waiting
loss if they fail to form platoons with others by applying
the suggested waiting times.

FIGURE 3 The Swedish road network, where the considered
hubs are shown by the red nodes.
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4 SIMULATION STUDY

In this section, a realistic simulation study is conducted to
evaluate the impact of the pricing rule and the government
subsidies on the platooning system. The parameter settings
of the simulation are introduced first. Next, the evaluations
of the pricing rule and government subsidies are provided,
respectively.

4.1 Parameter settings
We consider a transport system of Sweden with hundreds
of trucks. The origin and destination hubs for each trip
are randomly selected from 84 hubs in the Swedish road
network, as shown in Figure 3. The routes of trucks and
their travel times on the route segments are obtained from
OpenStreetMap [31]. We assume that trucks start their trips
at any time between 08:00 and 12:00 and each truck trav-
els with a speed of 80 km/h. The maximum travel time
of a truck per day is 9 h. The allowed waiting time for
each truck at all hubs in its route is assumed as 10% of its
total travel time. Furthermore, we assume that the fuel sav-
ing of each follower truck is 10% of its fuel consumption.

FIGURE 4 The profit of the service provider.

FIGURE 5 The utility of the platooning system.

Based on these assumptions, the parameter 𝜉 is obtained as
5.5€ per follower truck per hour. According to the driver's
salary in Sweden, the waiting loss of every truck at hubs is
set as 𝜖 = 25€ per hour.

4.2 Evaluation of the pricing rule
First, the pricing rule is evaluated. In Equation (8),
the adjustable parameter 𝛼 regulates the profit sharing
between trucks and TPSP. To evaluate the influence of 𝛼
on the platooning system, we test five scenarios in the sim-
ulation study, where the number of trucks in the system is
varied from 100 to 500, and in each scenario, the value of
𝛼 is varied from 0 to 1, with an increment interval of 0.1.
A fixed initial system setting is adopted in each scenario
while only the value of 𝛼 is varied in the multiple simu-
lation tests, that is, the routes, the starting times of trips,
the delivery deadlines, and the waiting time constraints are
exactly the same in each scenario.

We show the evaluation results in Figures 4–7. Specifi-
cally, Figure 4 shows the total profit of the TPSP achieved
from the platooning system, without taking into account

FIGURE 6 The average profit per truck.

FIGURE 7 The average waiting time per truck.
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the subsidy from the government, that is, 𝛾 = 0. As
is shown in the figure, the profit of the service provider
increases at first and then decreases as 𝛼 increases. This
result indicates that a decreased number of platoons are
formed when the service fee is higher than a certain level.
Moreover, for a fixed value of 𝛼, the more trucks in the
system, the higher platooning profit the service provider
can achieve. Figure 5 shows the utility of the platooning
system. By “utility of the platooning system,” we mean the
sum of the utility achieved by all trucks in the system in
their whole trips and the total profit kept by the service
provider. As we can see, the system's utility is maximized
when the service provider offers the platoon coordination
service for free. As the proportion of the service fee in the
platooning benefit increases, the utility of the system con-
tinues to decrease. Here, we note that the utility of the
platooning system with 𝛼 = 1 is achieved by platoons
formed spontaneously by trucks without waiting.

Figure 6 shows the average profit per truck in the sys-
tem, that is, the average monetary gains of every truck after
being charged a service fee. The results show that the profit
of each truck tends to decrease as 𝛼 increases, and the aver-
age profit approaches 0 when 𝛼 approaches 1. We can also
see from the simulation results that a platooning system
with more trucks is beneficial to every truck to obtain a
higher platooning profit. In addition, the average waiting
time per truck at hubs during their whole trips is given in
Figure 7. It shows that the average waiting time per truck
is less than 7 min in the five scenarios and no truck decides
to wait when 𝛼 equals 1, in which case the service provider
takes all the platooning profits. By comparing Figure 5 and
Figure 7, we notice that some platoons can be formed spon-
taneously without coordination in particular cases. The
more trucks in the system, the higher profit that the system
obtains from the spontaneous platoons.

The above results indicate that the TPSP could obtain
high platooning profit by setting a high service fee when

FIGURE 8 The platooning rate of the system as a function of the pricing rule and subsidies.
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the service provider has its monopoly in the platooning
system. If this is not the case, that is, the TPSP has com-
petitors in the market, seeing that the utility of the system
and the average utility of trucks will be decreasing as the
service fee increases, the TPSP needs to select the service
fee carefully to achieve a satisfactory profit.

4.3 Evaluation of government subsidies
The impact of the government subsidies on the platooning
system is then evaluated. We test the platooning perfor-
mance in the first scenario with 100 trucks in the system
and vary the government subsidies per follower truck per
travel time unit linearly, that is, 𝛾 is selected by 𝛾 =
𝛽𝜉 where 𝛽 is varied from 0 to 6.5, with an incre-
ment interval of 0.5. That is, 𝛾 is selected from the set
{2.75, 5.5, … , 37.5}. Notice that in the work, we model
a platooning system from the perspective of the TPSP,
without considering the modeling and optimization of the
government subsidy decisions. In reality, the government
subsidy plan can be made based on a variety of factors,
including the financial budget, market demand, trucks'

travel plans, and pricing rules, which is beyond the scope
of this paper and not studied here. Today, 19 European
countries have carbon taxes to limit carbon emissions and
the carbon tax in Sweden is 116.33€ per tonne of carbon
emissions [32], which is predicted to increase significantly
by 2029 [33]. According to the carbon emissions of fuel
trucks, which is 86.4-kg carbon emission per truck per
hour, each truck has a carbon tax of approximately 10€ per
hour without platooning. One can regard the government
subsidy 𝛾 as a tax reduction for follower trucks in platoons.
For example, a subsidy of 2.75€ per hour corresponds to a
carbon tax reduction of 27.5%.

To evaluate the platooning efficiency, the platooning rate
of a transport system with N trucks, denoted by Ps(N), is
defined by

Ps(N) =
Total travel time of follower trucks in platoons

Total travel time of all trucks in the road network
,

(21)

where N equals 100 in our simulation.
The platooning rate of the system with 100 trucks is

shown in Figure 8, which is a function of the pricing rule

FIGURE 9 The profits of trucks and the service provider as a function of the pricing rule and subsidies.
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TABLE 1 An example of the subsidy proposal to the government.

Platooning rate≥ Subsidy per travel time unit𝛾 Fuel savings Subsidies Profit of TPSP Profit of trucks
[EUR/h] [L] [EUR] [EUR] [EUR]

0.27 13.75 578 2485 2076 1100
0.25 11 562 1930 1748 960
0.20 8.25 537 1384 1390 700
0.15 5.5 486 836 1008 490
0.10 2.75 341 293 620 195
0.05 0 280 0 290 150

𝛼 and the subsidy 𝛾 . As shown in Figure 8a, the platoon-
ing rate Ps(N) of the system is decreasing with the increase
of the service pricing and is increasing with the increase
of the subsidies. For an in-depth analysis of the trend, the
platooning rates of the system for different subsidies and
different pricing rules are provided in Figure 8b,c, respec-
tively. Figure 8b shows that given a certain amount of sub-
sidies, the platooning rate in the system decreases with the
increase in 𝛼. The more subsidies from the government,
the higher platooning rate can be achieved by the platoon-
ing system with the same pricing 𝛼. Moreover, the more
subsidies the TPSP receives, the higher service pricing 𝛼

can be selected to maintain the same level of platooning
rate. The results in Figure 8c reveal that government sub-
sidies fail to act as an incentive to truck platooning when
𝛼 = 1, meaning that the TPSP keeps all the platooning
profits of trucks. For the other values of 𝛼 (except for 1),
the platooning rate of the system continues to grow and
then reaches a peak with the increase of the subsidies.
From the simulation results, we can also see that the max-
imum platooning rates of the system that can be reached
by different 𝛼 are similar. In other words, subsidies cannot
increase the platooning rate indefinitely. The smaller the
𝛼, the fewer subsidies are required to reach the maximum
platooning rate.

Under different pricing rules and government subsidies,
the profits of trucks and the service provider are shown
in Figure 9. Specifically, Figure 9a,b shows the profits of
trucks and the profits of the TPSP as a function of the pric-
ing rule 𝛼 and subsidies 𝛾 , respectively. For better analysis,
Figure 9c,d is used to show the profits of trucks and the
TPSP under different subsidies. As we can see, the profits
of trucks keep decreasing with the increase in pricing. In
Figure 9d, it can be seen that subsidies also help the TPSP
to increase its profit, and there exists a peak in the profit
of the TPSP for a certain subsidy. Moreover, such a peak is
moving toward a higher pricing 𝛼 with the increase in the
amount of the subsidies. This indicates that in a monopo-
lized platooning market, the more subsidies the TPSP gets,
the higher pricing can be set to maximize the TPSP's profit.

In light of the evaluation results in Figures 8 and 9, the
TPSP could properly determine the pricing rule (i.e., the
value of 𝛼) based on the given government subsidies and its

optimization objectives, such as the maximum self-interest
or the highest platooning rate of the system. For instance,
if 𝛾 = 11€ per hour and the target is to maximize the
profit of the TPSP, an appropriate 𝛼 could be 0.7, accord-
ing to Figure 9d. If the target is to maximize the platooning
rate, which is beneficial for the TPSP to enhance trucks'
incentives to use the service and improve its market share,
then Figure 8c can be used to determine the pricing rule
properly.

To conclude, the above evaluation results illustrate
that government subsidies are effective in increasing the
platooning rate of the system and thus boosting the fuel
savings from platooning. In addition, government subsi-
dies increase the profits of both the trucks and the TPSP.
Given a certain amount of subsidies, a high service pricing
corresponds to a low platooning rate in the system, as
trucks' incentives to form platoons decrease.

Seeing that government subsidies play a crucial role in
increasing the profits of trucks and TPSP, the TPSP could
propose to the government to subsidize trucks to incen-
tivize platooning. Based on the above simulation study,
we provide in Table 1 an example of the subsidy proposal.
More precisely, Table 1 shows the required subsidies to
achieve certain levels of platooning rates and fuel savings.
The first column of the table represents the lower bound
of the platooning rate in the system, meaning that the pla-
tooning rate can be maintained at a level no lower than the
given values by adjusting 𝛼. The subsidy per followed travel
time unit 𝛾 is proposed by the TPSP, which is determined
by studying the evaluation results in Figures 8b,c and 9d,
and picking reasonable values of 𝛼 and 𝛾 to maintain a cer-
tain platooning rate. The table also gives the total amount
of fuel savings, subsidies, and the achieved profits of the
TPSP and trucks under different platooning rates, where
the fuel consumption is assumed as 0.4 L/km. Such a table
can be used as a basis by the government when making
subsidy plans.

5 CONCLUSIONS AND FUTURE
DIRECTIONS

This paper modeled a platooning system with a TPSP
that coordinates trucks from different carriers to form pla-
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toons. A pricing rule for the service provider with subsidies
provided by the government was proposed, in which every
follower truck is charged a service fee while the leader
truck is compensated. In addition, the pricing rule was
integrated with a distributed MPC-based platoon coordi-
nation approach, by which the service provider schedules
the waiting times of individual trucks and provides trucks
with the optimal waiting times at hubs. A realistic simula-
tion study was performed over the Swedish road network
to evaluate the influences of the pricing rule and govern-
ment subsidies on the achieved profits and fuel savings.

Our simulation results show that the platooning rate of
the system highly relies on the service pricing. The higher
the pricing, the lower the platooning rate. Additionally,
the results show that government subsidies are effective in
increasing the platooning rate and fuel savings from pla-
tooning, and the service provider can also benefit from
the subsidies. Our simulation study also indicates that, if
the TPSP takes a monopoly position in the market, for
example, in the early stage of the commercialization of the
platooning technology, it can achieve high profits by set-
ting a high service price. If other competitors exist, the
service provider needs to set the pricing carefully to main-
tain the trucks' willingness for using its service and to
achieve satisfactory profits.

In the pricing rule proposed in this paper, trucks are
charged a service fee each time a platoon is formed. In
future work, it would be interesting to explore the pricing
rule that allows for a subscription fee to trucks, in which
trucks are charged weekly or monthly no matter how many
times they use the services. Another possible extension
is to study the pricing rules for a platooning system with
competing service providers.
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