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Abstract: Logistics activities, e.g., transportations of goods and people, are responsible for at least
one-third of energy consumption and Green House Gas (GHG) emissions. About 70% of them
are related to people’s mobility, with millions of cars moving every day. The people home-work
logistics represents undoubtedly an important part of it since flows are concentrated on fixed time
windows (beginning, lunch break, and end of the working day) creating huge traffic congestions
and negative impacts on time, economics, and the environment. This study proposes an integrated
model, summarized through a methodological framework, where three actors (companies, public
administrations and local shops) work together aiming to economically incentivize the use of sustain-
able mobility systems. Three are the main elements of the proposed sustainable people home-work
logistics model: (1) the economic self-sustainability of the incentives, funded in different ways by
the actors, (2) the scalability, thanks to the possibility to add new territories to the project and (3) the
territorial circular economy generated thanks to the incentive’s destinations and the public-private
integration. Starting from survey questionnaires and territorial attributes, sustainable mobility ways
are defined. Then, participant workers are monitored by activating a mobile app, called Ecoattivi,
during their home-work journeys. In such a way, workers can directly analyze their sustainable
mobility and reach the possibility to accumulate and spend money in local shops as a function of the
saved CO2. On the other hand, companies and public administrations compete in a special ranking
for sustainable mobility. The methodological framework has been applied to a real case study in the
Chiampo Valley, in the northeast of Italy, where about 10 small towns and dozens of companies in
2020 started the “Bike to Work Valchiampo” project.

Keywords: sustainable mobility; homework logistics; circular economy; mobile app

1. Introduction

The rapid growth of the world population and economic development cause an
increasing demand for vehicle travel in metropolitan areas, and consequently an increase
in energy consumption and GHG emission. Logistics activities are responsible for at least
one-third of energy consumption and GHG emissions and about 70% of them are related to
people’s mobility, with millions of cars moving every day [1]. Freight transport contributes
not only to increase economic costs in terms of travel time and fuel consumption but also
to increase environmental and health problems. As affirmed in [1,2], the most relevant
urban problems are related to traffic congestion and urban environmental pollution. The
people’s home-work logistics represents undoubtedly an important part of it, with flows
concentrated on fixed time windows (beginning, lunch break and end of the working
day) creating huge traffic congestions, with a negative impact on time, economics, and
environment. Traffic congestion implies not only delays and a negative economic impact,
but also poorer air quality, loss of health quality, and delays in evacuations and emergency
response [3]. Aiming to reduce traffic congestion that usually occurs during peak periods,
the authorities have tried to deploy Traffic Demand Management (TDM) strategies to
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eliminate or shift trips away from congested periods. Peak periods of traffic congestion
are often associated with the commuting hours of the morning and the afternoon, i.e.,
during the home-work logistics. Commuters are used to traffic congestions on their way
to workplaces from residential areas during the morning rush hours [4]. In such contexts,
TDM strategies may take the form of congestion pricing, incentives to shift travel to off-
peak periods or alternative uncongested corridors, flexible work hours, telecommuting,
transit subsidies, and ridesharing programs [5]. TDM has become an efficient alternative
and cost-effective way to ease traffic congestion since it avoids bottlenecks in the road
network; it implies multiple benefits as it provides not only traffic congestion reduction,
but also improved mobility options, road and parking cost savings, reduced crashes and
reduced emissions. TDM encourages the use of high occupancy modes as preferential
parking for carpoolers, promotions for transit, carpooling, biking, walking and flexitime,
shuttle service to and from park-and-ride lots [6].

To increase participation in alternative home-work logistics solutions, a new typology
of traffic management strategy has been developed, as the Incentive-Based Traffic Demand
Management (IBTDM). Incentives refer to positive monetary gains, gift cards, or other
rewards, and they contrast with TDM strategies of tolls and congestion pricing, which
creates disincentives for motorists to make socially undesirable choices [7]. Travellers can
receive rewards for maintaining sustainable travel behaviour such as using alternative
modes of transportation [8]. Car sharing, bicycles, public transportation are all sustainable
alternatives to reduce traffic congestion. Psychological research emphasizes the importance
of incentives such as rewards in promoting long-term behaviour changes, as “carrots versus
sticks” [9]. The use of ridesharing modes, even if incentivized, may be difficult anyway;
the study of [10] reveals that individuals who have a great need for independence or make
additional trips on their way to and from work or frequently stay late at work tend to be
less inclined to use ridesharing modes.

This study proposes an integrated IBTDM methodological framework where 3 actors,
i.e., companies, public administrations, and local shops, work together to economically
incentivize the use of sustainable mobility systems. The sustainable people home-work
logistics framework aims to promote workers in using bicycles (and potentially other
sustainable mobility systems) for the home-work logistics with incentives that can be used
in the neighboring shops. In this way, not only the traffic congestion is reduced, but also
it promotes a local circular economy generated thanks to the incentive’s destinations; the
framework is characterized by the economic self-sustainability of the incentives and the
scalability, thanks to the possibility to add new areas to the project. The basic novelty
of the research is related to the integration since the framework is intended not only for
citizens and public administration but also for local shops and companies. In fact, from
the literature, it arises that IBTDM strategies are generally intended for citizens, and they
carry out benefits for them and the environment. This works, instead, provides a circular
economy with benefits not only for the single citizen and the environment but also for
local shops and companies. Participant workers are monitored by a mobile app during
the home-work journeys, analyzing the sustainable mobility and proving the possibility to
accumulate and spend their gain in local shops. Incentives are a function of the saved CO2.
On the other hand, companies and public administrations compete in a special ranking for
sustainable mobility. The methodological framework has been applied to a real case study
in the Chiampo Valley, in the northeast of Italy, where about 10 different small towns and
dozens of companies in 2020 start the “bike to work” project.

The paper is organized as follows: Section 2 reports the theoretical background related
to TDM and the home-work logistics while Section 3 presents the proposed Incentive-Based
Traffic Demand Management (IBTDM) framework for sustainable people home-work
logistics. Section 4 reports the case study data and the first results while conclusions are
shown in Section 5.
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2. Traffic Demand Management Background

Although integrated multimodal transport systems have emerged in several cities,
current statistics indicate that in many regions people are still highly dependent on their
private vehicles, while public transport accounts for low percentages of the total number
of motorized trips [2–4].

In response to this trend, several initiatives and measures have been considered to
promote multimodal transportation, by either raising the attractiveness of public trans-
portation and active mobility or by disincentivizing private vehicle usage [11]. Traffic
demand management (TDM) strategies aim to reduce unnecessary private car travel de-
mand and encourage more efficient, environmental protection and energy-saving modes
through penalty actions as congestion pricing. The framework of [12] aimed to investigate
in which conditions the commuter will change departure time and consequently the depar-
ture time adjustment process. The work of [6] evaluated different TDM strategies, divided
into Transportation System Management (TSM) and Parking Management (PM); TSM in-
cludes carpooling, flextime, biking, walking, etc., while PM includes, for example, pricing,
preferential parking for carpoolers, shuttle for park-and-ride lots. Saleh & Farrell, 2005 [13]
investigated the potential impact of implementing TDM strategies on departure times,
considering the scheduling flexibility of individuals and non-work activities; their results
suggest that for those who have flexible work schedules but other non-work commitments,
the timing of their work trip might not be so flexible. The combination of both has a relevant
influence on traffic congestion. An important tool for TDM is the use of proactive traffic
management systems, based on the prediction models of the network state conditions to
detect potential flow breakdowns and consequently to plan alternatives [14–16]. Ref. [17]
proposed a pricing framework in which carbon emission costs is considered as part of the
generalized cost of travel and based on this, developed a model to optimize consumer
surplus, using congestion and carbon emission charges as the control variables. In general,
the commonly used TDM strategy refers to toll pricing to reduce traffic congestions [18];
many models have been developed based on this strategy as the one of [19–29].

Unlike TDM, which can be considered a “push” strategy, Incentive-Based Traffic
Demand Management (IBTDM) is the newest strategy that aims to reduce traffic congestion
using incentives and it can be considered as a “pull” strategy since it attracts participants.
The impact of incentives on departure time choices is difficult to quantify; first, using
traditional technologies for defining individual departure time changes is hard. Many
methods were adapted to analyze travel mode choice are not applicable for the analysis
of departure time choice, as departure time is a discrete variable. Moreover, the features
of sustainable users may vary a lot regarding travel mode and departure time choice, i.e.,
users willing to change their travel mode may not be willing to change their departure
time [11]. Participation in these projects might be influenced by working time flexibility,
constraints in the household and the workplace, and personal motivations [9]. Ref. [4]
developed a model for studying the effects of IBTDM strategies on bottleneck congestion;
results showed that by providing incentives to shift the commuting public’s departure
times the queuing delay was reduced. The work of [11] investigated the effects of reward-
based instruments on promoting emerging mobility schemes and active transport; results
revealed that participants spend more time in public transport usage and walking during
the reward-based period. Moreover, they indicated that rewards could increase individuals’
time spent in public transport usage and walking by about 21 min and 14 min per day
respectively. Finally, it was found that public transport users were mostly motivated by
rewards, while car users and walkers were not motivated towards cycling.

Many IBTDM models have been presented and analyzed [30,31]. The model of [32]
had a pyramid structure to incentivize commuters to travel at less congested hours and it
was applied in Bangalore. The studies of [33,34] analyzed the effects of incentives (money
or credits to keep a smartphone handset) that could be achieved by commuters by avoiding
peak hours or switching to another mode, or by smart working; the model has been applied
in Netherlands and commuters received from 3 € to 7 € for not driving during peak hours.
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Results indicated that incentives could reduce the amount of peak traffic by 60%. In
Germany, a pre-paid bus ticket was offered to travellers to incentive public transportation,
and results measure a bus usage increase of 35% and car trips reduction of 13% [35].
Ref. [3] studied a model which provides monetary incentives or credits toward obtaining a
smartphone as a reward to shift commuters to alternatives modes of travel or less congested
period of the day; their results highlight that trip’s characteristics, availability of alternative
travel mode, household and vehicle availability constraints, and work-related attributes
are factors which affect departure time and deeply influence the success of the project.

Ref. [36] proposed a microeconomic model for optimizing a government-sponsored
transit incentive program, where riders receive a certain monetary reward once a transit
trip is completed; to determine incentives amounts, the government determine the fare
and the headway limits for the operator, with an objective of social welfare maximization.
Finally, the recent work of [37] used a raffle-based scheme to incentivize users to change
their travel choice, by giving out credits that can be used to enter a lottery instead of
fees or credits. In the project, two stages were defined, in the first winners could choose
between getting paid 1$ for sure or 1% of chance to win 100$, in the second between getting
100$ for sure or 1% of chance to win 10,000$. They found that a Flat Raffle scheme, i.e.,
when a constant lottery winning chance is set for a period during the morning commute,
works the best and outperforms the optimal one-step toll when the population is overall
slightly risk-seeking.

A relatively new area consists in using smartphones as a platform for promoting
and performing IBTDM. The smartphones use allows to collect of information about
trips, travel time, money spent, travel mode, and other useful information that permit
to make incentives more personalized and effective. Smartphone applications can be an
effective instrument to promote IBTDM projects focusing on the behavior change of users;
customization, relevant and contextualized information and feedback, appealing design are
important aspects to considers when influencing users’ behavior in changing their habits
through app mobiles [38]. Nowadays, many models have been developed to predict travel
trip characteristics using locational and sensing data from smartphones [39]. The work
of [40] presented “Tripod”, a smartphone-based system to influence individuals’ real-time
travel decisions by offering information and incentives to optimize system-wide energy
performance. Travelers receive incentives for a certain variety of travel options as route,
mode, departure time, ridesharing, etc.; each option is related to real-time information;
travelers are encouraged not only by the incentives but also by energy savings and impacts
on the environment information associated to their choice. Refs. [41,42] presented the
app mobile “Metropia”, which aims to improve traffic flow and commuter travel times
by incentivizing travelers to change their travel behavior and avoid traffic congestion.
The system predicts future traffic conditions, applies a proprietary routing algorithm
to find time-dependent shortest paths for different departure times, and, based on user
requests, provides automobile travelers with multiple departure times and route choices;
for each travel some points values are assigned, with higher points (and thus more valuable
rewards) available for traveling during off-peak times and less congested routes, and lower
points available for peak traffic travel times. Ref. [43] analyzed a mobile application called
Quantified Traveler (QT), which is a computational travel feedback system. Travel feedback
is an established programmatic method whereby travelers record travels in diaries and
meet with a counselor who guides the user to an alternate mode or trip decisions that
are more sustainable or otherwise beneficial to society, while still meeting the subject’s
mobility needs. The study of [44] focused on how different types of personalized incentives
jointly help alleviate peak-hour traffic and save time; using data from “Metropia” app, they
examined the effects of incentives and results show that, based on real-time information,
users rely more on expected time savings to adjust travel plans to eventually save time.
Moreover, economic incentives encourage peak avoidance and help save travel time, but
the dependence on rewards to avoid peak-hour traffic increases over time.
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From the literature, it arises that many studies present projects about IBTDM strategies.
The novelty of this study is related to the integrated IBTDM framework, which involves
not only the public administrations and citizens but also companies and local shops. Main
IBTDM strategies are intended for citizens in general and they carry out benefits for them
and the environment. The integrated methodological framework here presented, instead,
generates a circular economy with benefits, economic and environmental, not only for
citizens but also for the local economy and companies. In this way, the sustainable objective
is encouraged by more actors and the project success is more achievable. Moreover, the
project here presented considers the integrated use of a mobile app to monitor movements
and provide the possibility to accumulate and spend incentives in local shops.

3. IBTDM Methodological Framework for Sustainable People Home-Work Logistics

This section aims to define an integrated Incentive-Based Traffic Demand Manage-
ment (IBTDM) framework. The mobility flows interested by the project are the home-work
logistics of the workers employed in the local companies. Table 1 reports the main char-
acteristics of the considered IBTDM model, summarized by objectives, novelty elements,
actors, and mobility systems.

Table 1. Main characteristics of the proposed IBTDM model.

Objectives Novelty Elements Actors Mobility Systems

Promotion of
sustainable mobility

systems and well-being
Scalability Local

Administrations
Bicycle (traditional

or electric)

Traffic decongestion
and improvement of air

quality

Self-sustainability
(Economical and

operational)
Local Companies Scooter (traditional

or electric)

Human-centred city
versus car-centred city

Territorial circular
economy Local Workers Foot

Incentive to the local
economy and

Public-private
integration Local Shops

Potential extension to
other sustainable
mobility systems

The proposed IBTDM methodological framework considers various sustainable mobil-
ity systems (bicycle, scooter, foot, etc.), promoting well-being supporting physical activity.
The perspective moves to a human-centred city versus car-centred city. Traffic decongestion
and improvement of air quality are achieved together with incentives to the local economy.

The actors are local administrations, companies, shops, and workers, with a public-
private integration.

The main novelty elements, as reported in Table 1, are:

• Scalability: the IBTDM methodological framework can be extended thanks to the
possibility to add new territories to the project and consequently new actors.

• Self-sustainability: the IBTDM methodological framework is based on incentives
funded by the same actors of the project, i.e., public administrations and companies;
moreover, the time and the fund values do not influence the adapted methodology.
The operative issues are guaranteed by a third party, external to the actors but con-
trolled by them, that manages, controls, and supports all the processes, even through
the Internet of things (IoT).

• Territorial circular economy: the IBTDM methodological framework is based on incen-
tives funded by territorial actors (local administrations and companies), that can be
used only in territorial shops.

• Public-private integration: the IBTDM methodological framework is based on strong
integration between public (local administrations) and private (companies, shops,
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workers) actors, supporting a territorial and social company model, which actively
participates in the well-being of citizens and the good administration of the territory.

The actors’ involvement in the IBTDM system is reported in Figure 1.

Figure 1. Actors’ involvement in the proposed IBTDM system.

Figure 2, instead, shows the framework of the IBTDM model, with the main flows of
activities between the different actors. The management and control of the entire system are
left to a third-party entity, which is controlled by the actors, and which manages, controls,
and supports all the processes, included the mobile App that monitors the home-work
workers’ travels, accumulates the incentives, and permits shopping at the local shops.
Figure 3 reports some examples of the mobile app’s screens developed for the case study
reported in the next section.

Figure 2. IBTDM methodological framework supported by the mobile App ECOATTIVI and by the IoT technologies.
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Figure 3. App screen with territorial performance, worker’s track and performances.

The participating local administrations and companies finance a fund to incentive the
home-work logistics. The participating workers are monitored, thanks to an application
that integrates the Global Positioning System (GPS) in the smartphone, during the home-
work travels. For each kilometer that the worker travels by using one of the sustainable
mobility systems reported in Table 1, an economic gain is accumulated. For example, in the
case study, it is equal to 0.23 €/km. The use of cycle and pedestrian paths, as well as the
average and maximum speed, are monitored to control the real utilization of sustainable
mobility systems. The incentive is managed electronically in form of vouchers that can be
spent in local shops. Once the incentive reaches, as an effect of the total distance covered,
the value of 10 €, the voucher is created and usable at the local shops. The transparency
is guaranteed by the availability of data of each actor, especially in terms of money flows
from the fund to workers or the shops. The data about the effect on the environment, like
the saved CO2, is reported in the mobile app.

Finally, the worker competes in a special sustainability ranking. The same for compa-
nies, administrations, and shops aggregating the relative data. As a secondary incentive,
the winner of these special rankings can gain sustainable awards.

If we analyze the entire value generated by the proposed IBTDM methodological
framework, it is possible to consider an integrated pyramidal perspective, summarized
in Figure 4. The basic value is territorial sustainability. The control model is developed
according to economic and environmental results and the IoT technologies utilization,
by using workers’ smartphones. The common territorial advantages are related to the
development of a territorial circular economy and an integrated social model where all the
actors act together for a good administration of the territory. At the end, each actor will
have specific benefits:

• Local Administrations: improvement of traffic flow in the area, especially during peak
hours; model of incentives for their citizens.

• Local Companies: better traffic fluidity on the roads for the circulation of their goods
and less area needed for company car parks; model of incentives for their employees.

• Local Workers: Reduction of queue times and potentially of time for moving from
home to work, with preserving one’s independence in mobility (i.e., bicycle); Possible
increase of monthly income.

• Local Shops: Improvement of traffic flows in the area, especially in the city centre
where the shops are located; a possible increase of monthly income.
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Figure 4. Value and benefits generated by the proposed IBTDM methodological framework.

4. Case Study

This section describes the application of the proposed IBTDM methodological frame-
work in the Chiampo Valley, in the Veneto region, Italy. The project called “Bike to Work
Valchiampo” (Figure 5, left side) started in 2019 with the feasibility study, with a break in
2020 for the Covid pandemic and the implementation in the summer of 2021. In this area, a
cycle and pedestrian path go close to the Chiampo river along the valley (Figure 5, right
side). This infrastructure permits the easy implementation of the IBTDM methodological
framework considering the bicycle as the principal sustainable mobility system among
those reported in Table 1.

Figure 5. “Bike to Work Valchiampo” project (left) and cycle and pedestrian path in the Chiampo
Valley (right) (source: Google Maps).

The project involves different local administrations, economic and social associations,
companies, and shops, with a total population of about 70.000 people. Some elements
forced these actors in finding strategies for sustainable people’s home-work logistics.

As a first element, the valley morphology forced cars to move along a unique main
street, with the effect of high peaks of traffic (up to 1400 vehicles/hour) during the tra-
ditional workers’ home-work travels. Figure 6 reports in different colors the vehicle
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average speed during the 17:00–18:00 time window (in red the queues of vehicles created
by high traffic).

Figure 6. Vehicle average speed during the 17:00–18:00 time window, with queues in red (Source:
Google Maps).

As a second element, because of the culture and of the traditional people behavior, the
average number of people for each car, moving in that time windows, is 1.18 people/car [45].
Consequently, the effect of moving one person to a sustainable mobility mode (i.e., bicycle)
is to eliminate one car from the streets.

As a third element, the considered area is one of the most industrialized areas of Italy,
and the inefficiencies of the transport system negatively impact the competitiveness of the
local companies.

In the first step of this project, about 150 companies have been involved to understand
the interest in this project. Parallelly, about 680 workers have been involved. These workers
are all the workers employed in the 150 companies. As consequence, the sample is well
representative of the different patterns of workers in terms of age, gender, type of job, home-
work distance, etc. Using an online questionnaire, once described the main characteristics of
the project, the basic questions about the interest in precipitating and funding (companies)
and in participating and in using sustainable mobility systems (workers) have been asked.
Table 2 reports the results. As we can see 40 companies out of 154 decided to participate in
the questionnaire phase and just 17 out of 40 were interested in the project. Considering
workers’ perspectives only 204 out 680 decided to answer the questionnaire and 90% of
them were interested in the project. The relatively low rate of responding companies and
workers is due to the passive methodology adopted for the questionnaire administration.
As shown in the last column of the table, the bicycle transportation system was the most
required by workers, even if the carpooling presents interesting percentages that open
the possibility to extend the project also to this mobility method. Finally, just a worker
considers public transport as a potential sustainable transportation system.

Table 2. Project questionnaire results.

Companies Workers Potential Sustainable Transportation
System

Contacted Responding Interested Contacted Responding Interested Contacted Responding Interested
154 40 17 680 204 185 112 72 1

100.0% 26.0% 42.5% 100.0% 30.0% 90.7% 60.5% 38.9% 0.5%
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The project started formally at the beginning of August 2021 and will end its exper-
imental phase at the end of 2023. It is currently in its first stage of implementation. The
total yearly budget for the experimental phase is equal to 100,000 € funded for about 50%
by Local Administrations and the other 50% by the local companies. These actors together
with the local shops and the economic and social associations signed a project agreement
that defines the tasks and the objectives that each one will develop, according to the IBTDM
methodological framework previously described.

During the first weeks of the project implementation, the number of participant
workers constantly increasing with an increment of about 30 people each week. About
5 new local companies are added for each week.

The basic data collected from the mobile app shows the following data:

• Average daily home-work trip for each worker: 3.82 Km (3.82 Km home-work and
3.82 work-home), with a minimum value of 1.02 Km and a maximum value of 8.71 Km.

• Average daily economic benefit for workers: 1.8 €/day (about 40 €/month)
• Average daily CO2 saved for workers: 1016 Kg (about 22.36 Kg/month)

The first results demonstrate the potential benefits of the proposed IBTDM. The
potential CO2 saved for a month is equal to 2.5 tons.

These first results in the bike to work project are encouraging and shows an impact on
the traffic levels. Figure 7 reports the traffic jam at 7:30 before (up) and after (down) the
implementation of the project. It can be noticed that the orange part (slow traffic flows)
is reducing.

Figure 7. Vehicle average speed during at 7:30 before (up) and after (down) the Bike to Work project
implementation with slow flows in orange (Source: Google Maps).

5. Conclusions

This paper proposes an integrated IBTDM methodological framework where 3 ac-
tors (companies, public administrations, and local shops) work together to economically
incentivize the use of sustainable mobility systems. The sustainable people home-work
logistics framework proposed aims to promote workers in using bicycles (and potentially
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other sustainable mobility systems) for the home-work logistics with incentives that can be
used in the neighboring shops. In this way, not only the traffic congestion is reduced, but
also it encourages a local circular economy generated thanks to the incentive’s destinations;
the framework is characterized by the economic self-sustainability of the incentives and
the scalability, thanks to the possibility to add new territories to the project. Participant
workers are monitored by a mobile app during the home-work journeys, analyzing the
sustainable mobility and proving the possibility to accumulate and spend incentives in
local shops. Incentives are a function of the saved CO2. On the other hand, companies and
public administrations compete in a special ranking for sustainable mobility. This ranking
can be visible inside the app and motivate all the actors in environmentally virtuous be-
haviour. The framework has been applied to a real case study in the Chiampo Valley, in
the northeast of Italy, where about 10 different small towns and dozens of companies in
2020 started the “Bike to Work Valchiampo” project. Preliminary results, related to the first
month of the project, are promising and new workers and companies want to be included
in the project. For sure, it is necessary to monitor app data continuously and evaluate also
benefits in terms of traffic congestions reduction. Surely, at the end of the experimental
phase, collected data will be analyzed to investigate benefits and provide some useful
guidelines. Moreover, as future steps, another sustainable transportation system might
be taken into account to extend the project to workers that cannot use the bike for their
home-work journeys.

The results of the case study will be disseminated once the project will end its experi-
mental phase at the end of 2023.
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