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Abstract. Governments are required to take proper measures to promote
the use of electric and hybrid vehicles and, more generally, to push people
towards sweeter modalities including walking and biking. To reach such
tight and challenging goals, local institutions should be deeply involved,
and universities among them. The promotion of sustainable mobility
practices among commuter students must be considered indeed an effective
contribution to facilitating the transition towards greener cities. On
purpose, students of the University of Palermo that daily commute from
their residences to the campus are considered here. These commuters, in
fact, mainly adopt traditional polluting transportation means. Avoiding the
recourse to these means by supporting the use of sweeter modalities such
as walking, biking, public transport and vehicle pooling and sharing, would
contribute to significantly reducing the associated polluting emissions.
This task might be accomplished by involving students in app-based games
that would reward their greener mobility behaviors. Results of a couple of
in-field campaigns including a significant sample of commuter students is
presented here, along with the obtainable environmental and energy
benefits. The proposed method thus candidates itself as an effective tool
that not only academic institutions but also local administrations could
adopt to make their decarbonization pathways. Finally, it is argued whether
universities (as well as local administrations) could be candidate for carbon
or energy credits within the existing trading schemes because of the
reduction of their energy consumption and greenhouse gases release.
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Nomenclature

m = subscript index of modalities of mobility

z = subscript index of zones

NC = number commuters

Wd = yearly working days

Nm = number of mobility modalities

N: = number of zones

NC: = Number of commuters per zone

EF = Energy consumption factor [toe/t..]

ORm = Occupation rate per modality [passengers/vehicle]

Em = Emission factor of vehicles [gCO./km]

MS:m = Share of commuter per zone (z) and modality (m)

Lzc = Daily round trip per commuter [km]

Czm = Daily energy consumption per zone (z) and modality of mobility (m) [toe]
Ezm = Daily CO. emissions per zone, modality and occupation rate [tCO.]
TLzm = Daily trip per zone and modality [km]

NC:zm = Number of commuters per zone and modality

1 Introduction

European Union’s recommendations to member states for reduction of greenhouse gases
emissions and fossil fuels’ depletion seem to consider mainly power and heat generation
sites and energy-intensive industries. Specifically, a decrease of 40% of CO: emissions,
compared to those released in the year 1990, should be reached at the year 2030 by these
significant energy consuming plants. Unfortunately, member states are missing their own
targets. Country projections, in fact, show that the EU emissions’ decrease could reach a
value of only 30% (without further interventions) by 2030, which is far from the expected
target [1]. Obviously, such sites are of paramount importance to the accomplishment of the
cited goals. Anyway, it must be considered that a relevant part of the energy consumption
and, consequently, of the environmental pollution of countries, is attributable to other
important sectors of the human lives such as the building and the transportation ones. The
latter, according to the International Energy Agency [2], is believed to be responsible for
36% of the total energy consumption in the year 2017, of which the 21% is imputable to
passenger cars and the 15% to freight roads and other transportations. In Italy, in the same
year, the energy consumption of the transportation sector accounted for 39.4 Mtoe, that is
33.8% of the total country’s figure (apart from the huge changes in the energy demand and
pollutant emissions of this sector induced by the Covid-19 pandemic emergency, not yet
well accounted for).

In light of these data, several analyses have been carried out [3, 4] aimed at making the
road traffic more environmentally sustainable by improving the road infrastructure [5], thus
making the entire compartment more efficient and effective [6, 7]. Anyway, users’
behaviors regarding their mobility modes (which is the topic of the present study) have
received less attention to date, apart from a few researches that examined possible
modifications in the mobility of cities. Therefore, governments are called to assume
effective measures aimed at improving the mobility of people, shifting towards electric and
hybrid vehicles and, more generally, sweeter modalities including walking and biking. In
order of reaching such tight and challenging goals, local institutions should be also
involved, and universities among them. Since the commuting of students represents an
important component of the mobility, induced by academic activities, practices aimed at
promoting sustainable student mobility must be considered an effective contribution to
facilitating the needed transition towards greener cities.
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On purpose, the mobility of students of the University of Palermo that daily commute
from their residences to the campus are considered here.

The study is well contextualized within a general policy that the University of Palermo
has been currently developing [8]. In fact, starting from the year 2010, the University of
Palermo has decided to embark on an effective energy saving path aimed at limiting the use
of fossil fuels, in order to contribute to meeting the target proposed by the EU [9, 10] and
the United Nations’ Sustainable Development Goals — SDGs [11]. As for these latter,
particularly SDGs numbers 7 [12] and 11 [13] were assumed as a guide, as they focus on
the promotion of energy efficiency, environmental sustainability, safety and resilience,
which are items of utmost importance for the university sector.

Moreover, the possibility that the university uses the saved amount of released CO-
within the existing Italian carbon market will be shortly discussed.

2 Materials and Methods

Consideration on the promotion of sustainable modes of transport associated to
university campuses as an effective strategy to facilitate a transition towards greener and
low carbon cities is not new: recently, this has been an important matter of scientific
interest [14, 15, 7]. This transition could be accomplished, for instance, by involving
students in app-based games that reward their greener mobility behaviors [16]. Within this
conceptual frame, the paper reports on an experimental investigation whose subjects are the
commuter students daily reaching the campus of the University of Palermo in Sicily
(Southern Italy). This study is well contextualized within the wider policies pursued by the
University of Palermo to greener its activities [17, 18].

The commuters considered here, actually, adopt traditional polluting mobility
modalities. Figure 1 depicts the structure of the analyzed system, where the different
modalities used by the students to reach the university campus from their residences are
indicated. Clearly, the transportation mean used depends on both the preferences of
commuters and the distance between the origin points and the campus.

Obviously, cutting the recourse to private and highly pollutant transportation means by
supporting the use of sweeter modalities, such as walking, biking, public transport and
vehicle pooling and sharing, would contribute to a significant reduction of the polluting
emissions. In more detail, the minor the use of private and greatly polluting transportation
means is, in favor of more sustainable modes (i.e. walking, biking, public transport and
vehicle pooling and/or sharing), the greater the drop in polluting emissions would be [19].

The actual configuration (scenario 0) of the commuters’ mobility has been defined using
a survey conducted by the University on the origin-destination paths followed by students,
who daily travel to the campus in order to attend courses (Figure 2, left side). It turned out
that commuters account for nearly 25,000 and that for the majority of them four distance’s
zones can be identified, approximately circular areas spanning at 3, 5, 10 and 20 km far
from the campus. A remaining part of the students lives at a distance greater than 20 km
from the campus: these students have resulted to daily travel a mean distance of 60 km
(students living at higher distances are not commuters [20] because they usually stay in
rented rooms nearby the university campus).
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Fig. 1. Origin-destination segments covered by commuter students with different mobility modalities.

In order of assessing the effectiveness of different configurations of the mobility
structure, the system needs to be mathematically modelled. The structure of this model is
quite simple. The reasoning behind the model configuration starts from the knowledge of
the number of commuters belonging to each distance’s zone, NC-, and from the estimation
of the daily round trip covered by each commuter, Lz. This allows the evaluation of the
total length of daily trips per zone, TLz, and of the number of commuters per zone and

modality, NCzm. That is:

TLZ = NCZ * ch

NCZm = MSZm * NCZ

ey
@)

where MSzm represents the rate of the commuters per zone (subscript z) and modality

(subscript m).

Therefore, the total length TLzm of the daily trip per each zone and each modality can be

calculated as follows:

TLZm = MSZm * TLZ

TLZm = NCZm * ch

(3
(37

The daily CO:2 emissions per zone, per modality and per occupation rate, Ezm, can be

obtained as follows:
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Ezm = TLZm * Em/ ORm (4)

where E. is the emission factor [21] of each typology of vehicles [gCO2/km] and ORm is the
occupation rate per each mode of mobility [passengers/vehicle].

Finally, the daily energy consumption, Czm, per zone (z) and per modality of mobility
(m) [toe] can be expressed as:

sz = Ezm * EF (5)

being EF the energy consumption factor [toe/tcoz].

By means of this simple model, the effects of a few on-field app-based campaigns,
involving a significant sample of the commuter students, have been computed. Particularly,
in terms of obtainable environmental and energy benefits related to greener mobility
behaviors compared with the starting (actual) configuration of the commuters’ mobility.

3 Results

As it is possible to see in the left side of Table 1 (referring to the starting scenario),
typically private polluting means of transportation, such as cars and motorcycles, constitute
the predominant part of the mobility, despite some travels take place by bike or on foot.

Hence, the environmental performance of the mobility structure can be largely
improved by encouraging more sustainable commuting behaviors among students.

To achieve this target, the use of new information and communication technologies may
effectively facilitate the communication between the university governance and the
commuter students [22]. In these types of tools, users are the core of the technology.
Nowadays, among the most effective choices app-based devices for smartphones can be
cited [23, 24]. On purpose, and with reference to the conditions of the commuters of the
University of Palermo, a smartphone app has been developed [25]. The app is based on an
info-mobility Decision Support System (TrafficO2), whose project (a social innovation
one) was conducted by the PUSH design lab from 2013 to 2016; the Italian Ministry of
University and Research co-financed the project. The main idea behind this mobile app is to
enhance the traffic condition and limit air pollution through a social game, which would
directly encourage citizens toward more environmentally conscious actions in a one-to-one
dialogue. Making the interaction among pre-defined categories of users, companies and
potential sponsors easier, as to achieve an agreement fair to all of them and offering
rewards based on the use of sustainable transportation means, was one of the main goals of
the service.

Specifically, commuters can get “environmental points” based on the number of km
travelled and the selected mean of transport. The weather conditions are considered by the
app as well, and in case of adverse conditions (e.g. windy and/or rainy weather), extra
points are assigned. The individual mobility mode (that represents the actual movement
made by the commuter) is gained using several algorithms which embed data collected
from mobile devices currently present in the smartphones such as accelerometers or
gyroscopes, or software components such as activity recognition.

To assess to what extent the TrafficO2 app is capable of encouraging commuter
students to assume greener mobility modes by means of emulative games, firstly a test of
the method was performed in the field. Specifically, a limited number of commuter students
was asked to install the mobile app and take part to the challenge [25]. The new percentages
of mobility, MS’, per distances and transportation mode, obtained by testing this sample of
students, are listed in Table 1, where the percentages have been aggregated by mobility
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modality. That is, walking + biking, public transportation, car + motorcycles, and vehicles
pooling and sharing.

Table 1. Shares of the aggregate mobility modalities in the scenarios 0 and 1 (percentages).

Distance of origins from the campus
<3km 3+5km 5+10 km 1020 km >20 km
Sc.0  Sc.1 Sc.0 Sc. 1 Sec.0 Sec.1 Sc.0 Sec.1 Sc.0 Sc. 1
Walking+biking | 74%  79% 52% 75% 4% 17% 0% 0% 0% 0%
Public transp. 10% 10% 13% 13% 25% 32% 19% 22% 34% 48%

Car+motorcycle 5% 0% 23% 0% 46% 6% 44% 23% 38% 13%

Vehicles
pooling and 11% 11% 12% 12% 25% 45% 37% 55% 28% 39%
sharing

Aggregate
modalities

By comparing data of Table 1 (also graphically reported in Figure 2), it is relevant to
note the significant change in the ways in which students would move to the campus
following the solicitations proposed by the smartphone-based rewarding scheme.
Particularly, the most important modifications occur for walkers in the zones 3 and 5 km
distant from the campus, change going from 32% to 55% (Figure 2). Polluting mobility,
such as individual cars and motorcycles’ use, seems to be mostly abandoned in the new
scenario, in favor of the correspondent pooling and sharing versions, which are indeed
characterized by interesting increasing percentages. In summation, the effectiveness of the
smartphone app in inducing commuters towards less impacting modalities of mobility
seems to be confirmed.

In order of estimating the overall impact of the new configuration of mobility, the
outcomes relating to the sample of students have been tentatively extended to the entire
campus commuters’ community.

Figures 3 and 4 report a comparison between the two scenarios regarding the
environmental (CO:z emissions) and the energy (tons of equivalent oil) results, respectively;
in reference to the five singled out origin-destination path zones.

Energy and environmental performances of both scenarios can be synthetically reported
in terms of daily emissions of CO2 and daily consumption of fossil fuels (kg of equivalent
oil — keo) by each commuter. Table 2 reports this comparison by single commuter. The
improvement produced by the application of the app-based tool is well evident.
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Fig. 2. Sketch of the distances from the campus of the origins of commuters.
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Fig. 3. Yearly CO: (tons) releases and saved in the ex-ante (0) and improved (1) scenarios.
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Fig. 4. Yearly fossil fuels energy amounts (toe) involved in the ex-ante (0) and improved (1)

scenarios.

Table 2. Overall energy and environmental comparisons of the considered mobility scenarios.

Scenario 0 Scenario 1
1.070 kg CO./day/commuter 0.484 kg CO./day/commuter
2.884  keo/day/commuter 1.305 keo/day/commuter

4 Discussion

The study here presented describes some good practices that universities can implement
to induce their users to undertake more virtuous actions and behaviors from both an
environmental and health point of view. The hypothesis is supported by an analysis
regarding the mobility habits of a sample of commuter students at the University of
Palermo.

It must be underlined that the improvement of the energy and environmental
performances of the commuters’ mobility system, obtained by using the app-based tool for
smartphones, relies on the assumption that the result of the sample of students involved in
the here described field application, may be extended to the totality of the commuters
gravitating around the university campus. This assumption, of course, should be further
verified in the field.

Apart from the energy and environmental improvements that the mobility configuration
of the scenario 1 would determine, it is here further argued whether the reduction of the
energy consumption and the greenhouse gases release, could appoint universities (and,
more in general, local administrations) to be rewarded with carbon or energy credits under
the existing trading schemes [16].

Such hypothesis is based on the “trading” of the benefits that governments (or local
authorities) could recognize to those who implement savings and/or energy efficiency
actions, which translate into a reduction in polluting emissions deriving from their
activities. These benefits could, for instance, include higher monetary state transfers (the
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so-called FFO for the Italian universities) or access to reduced prices for energy services
and/or supplies.

Specifically, the opportunity to include the universities in the trading scheme of energy
efficiency credits is taken into consideration here and, particularly, the chance to attain
these credits is contextualized within the Italian “TEE” system (“Energy Efficiency
Credits”). The hypothesis suggested here is of converting the reduced greenhouse gases
emissions into energy efficiency credits [26], which the given university might then use to
enter the carbon market. Precisely, the proposal advanced here suggests that the greener and
more energy efficient behaviors adopted by the campus users (mainly students) might be
indirectly attributed to the university that would benefit from the afore-mentioned credits.
In fact, despite they would not actually be directly applicable in the actual credit scheme,
the proposed actions could however be included amongst the so-called "behavioral" actions
recommended by the EU [27, 28]. An insubstantial modification of the current incentive
mechanism would suffice, on purpose.

Additionally, the approach proposed in this study could bring benefits not only to the
university but also to students participating to the program, who might get taxes reduction
as well free access to services provided by the university.

Clearly, this proposal may be usefully adopted not only by universities but also by local
administrations and public institutions in general.

Furthermore, from the performed study, some considerations may also be raised
regarding the proper contextualization of the proposal, the economic value of the credits
and the role of the institutions in pushing citizens towards more sustainable and resilience
behaviors.

In fact, practices such as the one here proposed suitably spread throughout the territory
could contribute to the process of improving the sustainability condition of an entire
country, by properly involving citizens in the building-up of the so-called “Renewable
Energy Communities”, as suggested by the EU [27, 28].

Moreover, not by chance (and perfectly in line with what is proposed here) some
European projects are currently active which, as part of the Horizon 2020 calls [29],
promote — such as the scheme introduced here - gamified platforms in order of fostering
energy communities.

5 Conclusions

A method based on an app for smartphones that rewards participants with a particular
score has been presented here; this method is aimed at inducing commuter students to
modify their mobility habits, addressing them towards means of transportation
characterized by a lower environmental impact.

An application of the method to a sample of commuter students of the University of
Palermo has shown its effectiveness from the environmental and energy points of view.

Moreover, a proposal to allow universities to enter the existing energy credit markets on
the basis of obtainable benefits that is acquiring the white certificates corresponding to such
benefits, has been advanced. In addition, the commuter students could be rewarded with
services regarding their academic and campus-based activities.

Due to its easy scheme of application, the proposed method candidates itself as an
effective tool that not only academic institutions but also local administrations could adopt
in their paths towards decarbonized configurations.
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