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Abstract: Remote working is increasingly seen as an effective model in several countries in the
last decade, mainly thanks to the development of information and communication technologies in
support of common daily working tasks. The emergence of the COVID-19 pandemic has represented
a pivotal moment for the adoption of remote working in multiple sectors, with positive effects on
the environmental impacts caused by the daily commuting of workers. However, due to the fact
that pandemic-induced remote working has represented a major forced experiment on a global
scale, and that it has often been imposed rather than chosen by employees, workers’ well-being
has not always been ensured. This research work presents an analysis of a wide survey of remote
workers in public administrations in four different provinces in Italy, with the aim of assessing the
main characteristics of the users and the related environmental benefits. Survey data refer to remote
workers before COVID-19, thus representing workers who have freely chosen to work from home
for different reasons. The results of this work represent a useful tool with which to support the
definition of new remote work strategies that could help policy makers reduce a part of the systematic
mobility demand. We have also calculated average energy and emission savings to provide useful
indicators for a preliminary estimation of the potential environmental benefits of remote working.
Considering the entire sample of respondents, workers who would have commuted at least partially
by car have saved on average 6 kg of CO2 per day thanks to remote working (with an average
round-trip commuting distance of approximately 35 km). The current results will be supplemented
by the results of a new survey underway, aimed at evaluating the differences of remote working
experiences during the emergency response to COVID-19.

Keywords: remote working; urban mobility; transport; emissions; energy

1. Introduction

This paper presents the results of a research study to evaluate the potential benefits of
remote working on the environmental impacts of urban transport, based on survey data
collected in four different Italian cities.

1.1. Remote Working

Remote working has gradually emerged in many sectors as a viable alternative to
physically working in an office, allowing for a range of benefits including better work–life
balance, greater satisfaction at work, lower time productivity losses due to road congestion,
and lower environmental impacts in cities thanks to a decreased mobility demand.

Different terms are used to refer to work performed outside the workplace, with vary-
ing degrees of flexibility in terms of location and working hours, and differences in innova-
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tion in working arrangements. These include telework, smart work, mobile e-work, and
ICT-based mobile work. In the following, the term remote work will be used as a generic
term for work carried out away from the company premises. Teleworking is used to refer
to forms of remote work in which the work is carried out in a place other than the company
headquarters (typically at the employee’s home) following a traditional organisation of
work and activities. The main objective of this approach is to enable employees to work re-
motely, in order to meet needs related to special conditions (disability, even temporary, care
of small children or other family members) and to improve the quality of life and work–life
balance. Smart working, on the other hand, is characterised by a new way of organising
work, in which activities are organised with high levels of autonomy and responsibility
for results, flexibility in working hours and location and openness to continuous change.
This is a paradigm shift that requires a radical transformation at both the organisational
and cultural level. The introduction of forms of smart working (also called lavoro agile in
Italy) in public administration in Italy has not always been accompanied by an adequate
evolution of the organisation of work, especially in the case of smart working activated
in an emergency form as a response to the need to contain the COVID-19 pandemic and
provide services and carry out work activities. Thus, in the following, the term “remote
working” will be used rather than smart working.

The organisational aspects of the different forms of remote working and their impacts
on the quality of work, well-being, and the different dimensions involved at a social and
urban development level are being studied across disciplines.

Several studies have addressed the social and organisational benefits of remote work-
ing through digital technologies that offer workers flexibility with regard to where and
when they work [1–4]. Eurofound suggests that remote access to communication systems
ensures that workers can exchange information with colleagues and managers [3,4], pro-
moting innovation in the form of organisational change, flexibility, online learning, and
new forms of cooperation. Work–family conflicts arise when the worker is unable to cope
with family or work pressure [5]. Remote working affects work–life balance by helping to
reduce stress, burnout, depression or other psychosocial risks at work. The level of worker
autonomy reduces stress and increases performance and productivity [6–8]. The effect of
uncoupling the organization of work from traditionally fixed times and places can be a
key factor that can lead to multiple effects not only on the quality of life, but also on the
environment in general, in terms of both direct impact and rural and urban development.
Remote working can trigger a range of related changes, enabling a wider adoption of sus-
tainable, user-centered models for mobility, urban design, housing planning, and land use.
A discussion of the relationship between remote work, territorial development, and urban
mobility is discussed in [9].

Only in recent years has the impact of remote work on the environment been analysed,
both in terms of climate and local pollution. In a study summarising 39 empirical studies
on teleworking, Ref. [10] states that there is a lack of consensus on the energy and envi-
ronmental benefits of working from home. Some recent studies have also considered the
specific context of Italy [11,12]. Looking at the four domains of transport, office buildings,
housing, and ICT, Ref. [13] identified rebound effects that reduce some of the benefits of
teleworking. These uncertainties and complexities are due to the variety of contexts and
research methods in the different studies, as well as the different spatial and temporal scope
that may profoundly influence some behavioural choices.

Indeed, smart working is an important driver of change. It has emerged in the context
of work organisation, but has shown the ability to expand its effects to multiple contexts,
from welfare to gender policies, from urban mobility to the transformation of urban layouts,
to the repopulation of peripheral and remote areas. Starting from the transformation of
the organisation of work activity—a pivotal element in the life of the urban community
and in the organisation of the city—there is the possibility of setting up integrated policies
capable of contributing to the development of cities by significantly affecting the economy
of the territories and, in particular, the demand for mobility.
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Important developments on environmental issues are expected from the numerous
investigations conducted during the COVID-19 pandemic. The adoption of compulsory
work-from-home schemes following the COVID-19 emergency measures created the con-
dition of a global, though forced, experiment in remote working. It must be said that the
experience of moving work activities to homes during the COVID-19 period has nothing to
do with remote working and with the various forms it has taken over the years. That is
due above all to the nonvoluntary nature of the work organization during the emergency
that often determined unfavourable conditions, especially for women, in the way work
activities were carried out [14].

1.2. The Environmental Impacts of Urban Transport

Transport is one of the economic sectors exerting the greatest pressure on environmen-
tal and natural resources. The decoupling of transport growth from economic growth and
modal rebalancing are among the qualifying objectives for sustainable mobility.

The environmental indicators used to assess the status and trend of the transport
sector include energy consumption, greenhouse gas emissions (carbon dioxide, methane
and nitrous oxide), atmospheric pollutant emissions (nitrogen oxides, non-methane volatile
organic compounds, particulate matter, lead, benzene and sulphur oxides), and the share
of the vehicle fleet complying with certain emission standards. Another key indicator is the
demand and intensity of passenger transport, which measures the demand for passenger
transport (broken down by the different modes of transport) and its intensity also in relation
to economic growth trends.

In Europe, the transport sector is responsible for almost a third of final energy con-
sumption and about a quarter of total greenhouse gas emissions [15]. In 2018, the energy
used for transport (considering road, rail, maritime, and aviation) was 393,143 ktoe, cor-
responding to 28% of final consumption (authors’ calculation from [16]). Road transport,
in particular, is responsible for the largest share of energy consumption in the transport
sector. In the 27 EU Member States (EU-27), it accounted for about 93% of total demand
in 2019, excluding international aviation and maritime transport, an increase of about
34% since 1990 (authors’ calculation from Eurostat data, available in [17]). Regarding
greenhouse gases (GHG) emissions, transport is, together with energy industries, the most
responsible emitting sector. From 1990 to 2019 in the EU-28 countries, GHG emissions from
the transport sector increased by 20.3%, although they decreased in the period 2008–2013.

Comparable figures apply to Italy. The transport sector was responsible for 25.2%
of total national GHG emissions in 2019 [15], of which, excluding international aviation
and international shipping, 92.6% are from road transport. Specifically, 68.7% of national
GHG emissions came from passenger cars, 15.4% from heavy duty vehicles, 10% from
light commercial vehicles, 3.3% from buses, 2.6% from motorbikes and 0.3% from mopeds.
Road transport in 2019 was also responsible for 40.3% of nitrogen oxides emissions, 11.4%
of NMVOC emissions, 10.1% of PM2.5 fine particulate emissions, and 18.7% of carbon
monoxide emissions over the total emitted in Italy [15,18]. However, it is important to
remember that although carbon emissions cause the same damage no matter where (and
when, to a certain extent) they are emitted, the place and time of local pollutants emissions
is crucial. The emission of pollutants in high-density urban environments is thus even
more harmful.

Over the period 1995–2019, passenger transport demand increased by 17.4% in Italy,
with more than 90% road transport in 2019, predominantly met by individual transport
(cars and motorbikes) [15,18]. In 2018, cars accounted for 76.5% of the modal split of
passenger-km, compared to 5.7% use of rail and 10.9% of buses [19])+. The motorisation
index in Italy is also very high, with 666 cars per 1000 inhabitants in 2020 [20], the second-
highest among EU countries after Luxembourg. On the basis of available data [21,22], we
estimate that in 2019, 42.1% and 94.5% of the consumption of diesel and petrol, respectively,
is due to passenger cars, which account for 68.9% of road consumption, with approximately
410,000 million vehicle-km, representing 80.8% of the total.
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After reaching its highest level around 2007, the evolution of passenger transport
intensity (which is measured as passengers per kilometre in relation to population) in
Italy had sharp reductions in 2011–2012 due to the economic crisis in those years and a
subsequent increase between 2013 and 2016. In 2017 it reached the value recorded in 2009,
also maintained in 2019 after a slight decrease in 2018. In 2020 and 2021, the pandemic
caused a contraction in transport demand, with a reduction of 36.4% in 2020 compared
to 2019, while at the same time showing an increase in the percentage of individual road
transport use. However, it is still not clear if this will have medium- and long-term effects
on national transport emissions [23].

Motorized road transport is responsible for various effects on society, human habits
and behaviour. In addition to being responsible for local and global environmental impacts,
it generates negative externalities, including health issues, road damage, accidents, conges-
tion, poor quality of life, noise, etc. Furthermore, the expansion of the modal share of road
transport has mitigated the progress achieved through technological improvements and
infrastructural interventions, in terms of reducing environmental impacts and increasing
transport safety. As far as energy consumption is concerned, the increase in the energy effi-
ciency of vehicles has not offset the effects of the growing demand for transport, and total
energy consumption by road grew by 1.9% in the period 1990–2017. The recent phenomena
related to the pandemic and the conflict in Ukraine have introduced new variables that
make it even more urgent to define integrated policies to implement sustainable mobility
models through the use of technological and nontechnological measures.

1.3. Policies and Measures

In application of the subsidiarity principle, urban mobility in Europe is managed at
the level of individual states, and there are no EU regulations or directives regulating it.
However, due to the relevance of the issue, the Commission has drafted several strategy
papers and allocated considerable financial resources to urban mobility [24–29]. How-
ever, the environmental problem persists both at the general level—in terms of increased
greenhouse gas emissions, loss of biodiversity, and growth in energy demand—and at the
urban level, together with the effects of congestion, pollution and land take [30,31]. The
effects of awareness-raising, education, and training pathways are also limited. Although
essential for building awareness of environmental and social issues, they take a long time
to develop and produce effects in some groups of the population, but do not seem effective
in changing habits on a large scale. At all levels, there is then a constant increase in social
gaps and inequalities and the increasingly marginal spaces of participation available to the
population [32–35]. The role of individual behaviour is considered crucial to achieve con-
crete sustainability goals in all environmental domains [36,37]. So far, however, governing
collective behaviour has relied almost exclusively on command-and-control or economic
incentive/disincentive systems. In the transport sector, the prevailing direction has been
toward replacing in-use vehicles with vehicles with a lower environmental impact and
promoting the use of public or collective transport. The limitations of the two approaches
are reflected in the data [38].

The dependence on car use and the increasing decentralisation of cities are pro-
cesses that are difficult to reverse [39]. Home-work commuting, in terms of number and
prevalent mode of travel, is among the main pressures in large and medium-sized urban
areas [20,40,41].

The vast majority of mobility and transport solutions adopted so far in urban areas
can be traced back to two of the three pillars of the avoid, shift, improve (ASI) strategy [42]
adopted by EEA and UNEP. The first pillar, which aims to avoid or reduce demand
formation for passenger and freight transport, which has played a very marginal role, is an
exemplary field of action for the type of approach proposed here, to which high margins
for low-cost intervention can be associated.

The limitations shown by interventions put in place so far highlight the need for
policies to acquire the ability to read contexts and influence the sociotechnical patterns that
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determine people’s lifestyles and behavioural models. By triggering innovations that are
at once technical, organisational, and cultural, it is indeed possible to achieve changes in
behavioural patterns, on a large scale, and orient them in favour of the community [43].

This paper intends to provide useful data and analysis to contribute to the develop-
ment of new urban policy tools to support sustainable mobility models. The manuscript
makes use of the results of the first Italian survey on distance working experiences in public
administration and public institutions. Fuel consumption and emission reductions are
estimated on the basis of real data provided by workers on mobility characteristics, instead
of national average data on commuting habits. The survey was in fact specifically aimed
at analysing the main dimensions affected by remote work: work organisation, experi-
ences and level of satisfaction of workers at professional and personal levels, and mobility
habits and their impacts. The detail of the information collected on this last dimension
and the development of a methodology for the estimation of energy consumption and
emissions, represent an innovative contribution to the understanding of the characteristics
of home-work mobility and its impacts.

The results of a survey conducted in four Italian cities are analysed to examine how,
by operating a radical innovation in work organisation, it is possible to affect mobility
patterns related to urban commuting, resulting in energy and emissions savings and other
benefits for individuals and the urban society.

2. Materials and Methods

To investigate the changes produced by the new models of work organization on the
quality of life and urban sustainability, the research project “Smartwoking for Smart Cities”
was started in ENEA in 2013. In this framework, an analysis involving 29 administrations
and public bodies in Italy was started in 2014. This included 16 entities among regions,
local authorities, and agencies/territorial agencies [8]. The analysis involved both employ-
ees and employers (management structures, personnel administration and other services
concerned). The investigation aimed at collecting quantitative and qualitative data in the
period from 2015–2018. A survey was conducted by means of an online questionnaire,
addressed to employees who teleworked and/or worked remotely in the years 2015 to
2018. Guided interviews were conducted with the heads of human resources department
of the administrations. The interviews investigated the genesis, processes and organisa-
tional arrangements adopted to introduce teleworking and smart working. The research
covered three main areas: (a) the individual dimension of the worker, (b) the organisational
dimension of the work activity, and (c) the collective dimension. At the individual level,
the following aspects were explored: the family and personal environment, the system of re-
lationships, the characteristics of work activity, demand and mobility habits. With regard to
the organisational dimension, the stages of development and dissemination of teleworking
and agile working arrangements within administrations and public bodies were analysed,
as well as the organisational arrangements adopted. On a collective level, the potential
for reducing fuel consumption and emissions of greenhouse gases, macropollutants and
micropollutants due to workers’ different mobility habits were estimated.

This paper focuses on the responses to the survey given by the employees working in
four cities (Bologna, Roma, Torino, Trento) who worked remotely in the period 2015–2018.
This four-year period is representative of the phase of the implementation of remote work
policies in the public administration sector in Italy, consisting mainly of telework and in a
marginal share, especially from 2018 onward, of smart working.

The research work aimed at investigating the implementation of smart working poli-
cies in the period starting from 2019 was interrupted by the COVID-19 pandemic, and by
the adoption of emergency measures in work activities. Remote work done from home
during the period of the COVID-19 emergency cannot be considered to all intents and
purposes as a form of smart working, agile working or teleworking, as it lacks some basic
elements that characterize the flexible organization of remote work, such as voluntariness,
agreed definition of work tools and objectives, and the absence of constraints in the times
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and places of carrying out activities. Rather, people experienced a situation of “working
from home” under forced conditions and often using unsuitable home spaces shared with
other members of the household.

During the COVID-19 emergency, the number of people in remote work is estimated to
have reached a total of 6.6 million people in the worst phases of the pandemic, more than ten
times the 0.57 million recorded in 2019 [44]. This provided a strong impetus for the devel-
opment of new, flexible and results-oriented work organization models. Experiences from
the pre-pandemic period can be extremely valuable to complement those gathered from
2020 and draw useful information and support decisions for the post-pandemic period.

The analyses presented in this paper represent a useful tool with which to support
the definition of new remote working policies. They will be complemented by the re-
sults of a new survey currently being carried out, aimed at assessing the experiences of
“forced” distance working experienced during the various phases of the COVID-19 and the
new arrangements.

2.1. Survey

The survey at the basis of this work was implemented in Google Forms, the survey
administration software included as part of the web-based Google Docs Editors suite by
Google. It was designed to be filled in by employees who spent at least one period in
remote work (teleworking or smart working) in the period 2015–2018. The survey, available
in [8], consists of five main sections:

1. personal information: gender, education and title, age, professional qualification and
seniority, family unit, institution of affiliation;

2. experience during 2015–2018: remote working mode and organization, reasons for
choice, ICT expertise, training provided;

3. home-work mobility: modes of transport, reasons for choice, daily commuting times,
daily commuting distance;

4. use of own motorized vehicle: commuting distance, type of route, power train, engine
size, technology; and

5. organization of remote work: characteristics of remote work (days at office), ICT used,
time management (time for self and family, work-life time interference), relationships
with colleagues and managers, quality of work, satisfaction, autonomy, distances and
modes of travel for daily needs, overall evaluation of the experience.

The data collected in Sections 3 and 4 are used to analyse mobility patterns and habits
and to estimate energy and emissions savings due to the commuting travels avoided thanks
to remote working. They include modes of transport (foot/bike, public transport and
train, private car as driver, private car as passenger, two-wheeler, company collective
transport, other) and, for respondents who indicated that they use their own vehicle (car or
two-wheeler) the following:

• characteristics of the route travelled by private motorized vehicle: number of kilome-
ters, type of route (urban, rural, mixed), time;

• characteristics of the two-wheeler: engine size (two-stroke < 50 cm3, four-stroke < 250 cm3,
four-stroke 250–750 cm3, four-stroke > 750 cm3), technology (EURO class);

• characteristics of the private car: powertrain/fuel (petrol, diesel, LPG, CNG, hybrid-
eletric, electric, other), engine capacity range (mini < 0.8 L, Small 0.8–1.4 L, Medium
1.4–2 L, Large-SUV-Executive > 2 L), technology (EURO class).

The responses were organized in a database. Data were pre-processed to exclude
anomalies and errors due to an incorrect compilation of the survey. Following consistency
checks, 3387 records were deemed valid and analyzed by using Microsoft Excel [45] and
the software environment for statistical computing and graphics R [46]. A computational
methodology was developed for estimating fuel consumption and emissions avoided
during remote work days, shown in Section 2.2.
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2.2. Methodology for the Estimation of Energy Consumption and Emissions

The factors used in the calculations are taken from the database of average emission
factors for road transport in Italy created by ISPRA [47] in accordance with the updated
COPERT estimation model version 5.1.1. and the EMEP/EEA Air Pollutant Emission
Inventory Guidebook [48]. For the present work, emission factors for the year 2016 were
used for the following categories: greenhouse gases: carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O); macropollutants: carbon monoxide (CO), nitrogen oxides (NOx) as
the sum of nitrogen monoxide (NO), and nitrogen dioxide (NO2), particulate matter (PM),
benzene and nonmethane volatile organic compounds (NMVOC); micropollutants: metals,
polycyclic aromatic hydrocarbons (PAH) and benzo-pyrene (BaP); and fuel consumption.
With regard to particulate emission factors, PM10 and PM2.5 were used. Both estimate both
particulate matter from combustion (exhaust), which is almost entirely made up of particles
smaller than 2.5 µm, and that from tire wear, vehicle brakes and road surface abrasion
(nonexhaust). The same was done for the estimation of metals. Emissions of nonmethane
volatile organic compounds from petrol vehicles include evaporative emissions in addition
to exhaust. COPERT fuel consumption emission factors refer to energy consumption and
are expressed in MJ/km. The litres of fuel consumed were calculated by using the density
values and calorific value from [48]. The Global Warming Potential Values from the IPCC
Fifth Assessment Report, 2014 (AR5) [49] were used to convert methane and nitrous oxide
into CO2 equivalent.

The equation to calculate the emissions is

Qpi =
n

∑
1

FFST · km · d, (1)

where Qpi represents the emitted quantity of pollutant i, n is the number of respondents in
the sample, FFST is the pollutant emission factor by fuel, size, abatement technology and
type of route (urban, rural, total, mixed), km are the kilometers driven per day, and d are
the days worked remotely.

The described procedure and the specific emission factors [47] are applied to all com-
plete records, which provide all the data requested in Sections 3 and 4 of the questionnaire.
In cases in which respondents have omitted some of the required information, equivalent
factors are applied according to the following criteria in the absence of specifications on
vehicle technology, emission factors referring to the 2016 national average fleet of passenger
vehicles by fuel type are used: in the absence of information on engine capacity, the COP-
ERT value for the particular type of fuel used is considered; in cases in which the fuel type
is also omitted, emission factors referring to the 2016 national average passenger vehicle
fleet are used; in the absence of information on the type of journey, it is considered mixed;
in the absence of the specific number of kilometres travelled with the vehicle, the arithmetic
average between the extremes of the kilometres travelled was used (data requested in the
questionnaire regardless of the means of transport used).

3. Case Study

The survey sample is represented by the people whose place of work is located in
the provinces of Turin, Trento, Bologna, and Rome. The reasons for the selection of these
four particular provinces are due to their distinct peculiarities, both physical and historical-
urban, with reasonable hypotheses of different impacts on urban circulation, and to the
high number of responses to the survey 59% of the data are from workers from the four
cities, specifically 18.7% from Bologna, 12.2% from Rome, 12.4% from Trento, and 15.6%
from Turin)

Rome is the biggest city in Italy, both in terms of population, with 2.8 million inhabi-
tants (the double of the second, Milan), and surface, with almost 1300 square km (again
the double of the second, Ravenna). Its density is around 2150 inhabitants/km². Rome
is also the eighth-largest city in Europe in terms of population, just below Madrid and
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Kyiv and above Bucharest and Paris. Rome shows a very important level of congestion,
especially on the ring roads and consular radial roads. Daily commuting in Rome is influ-
enced by the concentration of work opportunities in certain areas of the city. Rome is in
fact characterised by a medium-low degree of spatial decentralisation of functions in the
city [50]. It is estimated that the number of people not resident in the city of Rome who
travel daily exclusively for work and study is 420,000 [51]. A large percentage comes from
other cities in Regione Lazio and Regione Campania. The road system is characterised by
a radial structure [52], with a relevant role played by the ancient Roman consular roads,
an uneven degree of accessibility of public transport that tends to degrade from the centre
towards the periphery [53], and the dominance of road transport [54]. According to the
TomTom index, Rome is the second-most congested city in Italy, with an estimated annual
time loss of 82 h per driver [55]. Moreover, important differences exist in the quality of the
urban space when comparing the city center, which is very attractive for tourists and is the
seat of many offices of public and private companies, with the suburban residential areas.
The motorization rate in Rome in 2020 was 645 cars per 1000 inhabitants [56], the fourth
highest among large Italian cities.

Turin is the fourth-biggest city in Italy, with 850,000 inhabitants, comparable to other
European cities like Amsterdam, Marseille, Kraków, and Valencia. Turin is also in the top
list for population density in Italy (considering cities with more than 50,000 inhabitants)
with around 6525 inhabitants/km². The motorization rate in Turin in 2020 was 655 cars
per 1000 inhabitants [56], an average level for large Italian cities. The city is much rely-
ing on private car use, which has been historically prioritized over public transport or
active mobility.

Bologna is the seventh-biggest city in Italy, with 390,000 inhabitants, comparable
to Tallinn, Ias, i, Sintra, or Brno. Its population density reaches 2780 inhabitants/km².
The motorization rate in Bologna in 2020 was 614 cars per 1000 inhabitants [56], well below
the average level for large Italian cities. Bologna will be the first city in Italy to have a speed
limit of 30 km/h in almost all the roads within its municipality by June 2023 (with only
some large roads allowed up to 50 km/h) [57]. The city is also well known for its high
number of bicycle usage, especially within the historical city centre.

Trento is the smallest of the four cities that we analyzed, with around 120,000 inhabi-
tants, and also the one with the lowest population density, 750 inhabitants/km². The official
motorization rate in Trento in 2021 was 3.9 cars per inhabitant [56], but this figure is caused
by the very high number of rental car registrations, due to favorable fiscal conditions
compared to other Italian cities [58].

Considering the key indicators of the four cities [59], the municipalities of Turin,
Trento, and Bologna rank much better than Rome in terms of indicators of pedestrian areas,
bicycle lanes, interchange car parks and low-emission vehicle fleets. As far as Trento is
concerned, there is less use of public transport than the other three cities, with a passen-
ger/inhabitant ratio of less than 200, compared to a ratio of around 300 or more. Despite a
fair availability of seats on public transport, the conformation of the municipal territory
and the low percentage of coverage can lead to low use of this mode. There is a very
good level of infrastructural supply to support sustainable mobility in terms of parking
spaces and bicycle lanes. At the same time, however, there is a more car-centred pattern of
habits, evidenced by the low level of public transport use and a high rate of motorisation,
although characterised by a high share of lower emission vehicles.

The level of accessibility of the public service (represented by the distance on foot,
measured in minutes, from the nearest stop) is satisfactory for the aggregates of Turin and
Bologna (where it can be judged “high” or “very high” for 88% of the population), whereas
for those of Trento and Rome it drops to a much lower level (63% for Trento and 80% for
Rome) [60]. Note also the size of the population fraction with a very high level of service
in the case of Rome (almost 36%), a figure which is counterbalanced by the incidence of
the population served poorly, or not served at all (almost 7%), a suspected indication of a
disparity in the degree of distribution of the accessibility of the public service. The evidence
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that a part of the population living in Rome is not well served by public transport is also
confirmed by the figure for the ratio of the distance travelled by public transport to the
number of inhabitants. It is very low in Rome compared to the other three cities (10.3 km
travelled by public transport per 1000 inhabitants), despite the relatively high number of
seats available overall (6883 seats per km travelled per inhabitant).

4. Results

The questionnaire sent to workers in 29 Italian administrations and public bodies
(full list available in [8]) who worked remotely for at least one period in the four-year
interval 2015-18 was answered by 3397 employee respondents (representing 61% of the
target reached by the survey).

A total of 1997 valid answers were received from workers with offices in Bologna
(31.8%), Rome (20.6%), Trento (21.1%), and Turin (26.5%). In each of the territories, more
than 95% of the offices are located in the main municipality of the province, and the remain-
der in municipalities that are situated almost exclusively within the territory of metropolitan
cities. It is worth noting that in Italy metropolitan cities have replaced provinces as local
territorial authorities in vast areas, following the implementation of Law No. 56 Art. 1 of
7 April 2014.

Regarding the demographic composition, the total sample is mainly composed of
women, 73.7% of the total, and the sample has a rather high average age of 54% of the total
is in the over-50 age group, which substantially reflects the demographic data of employees
in the Italian public administration in the period considered [61]. The median age group
drops to 45–49 years for those who work in the province of Trento. The median number of
family members in the household is 3. Just over half of the sample (52%) declares to have
children of school age, and about two-fifths of the sample (42%) declares to have family
members in need of assistance. The relatively high incidence of family care needs observed
in the sample, especially for teleworking, is an indication of the subjective factors driving
the demand for activation of the remote-working mode.

4.1. Mobility Habits

Fifty percent of the people in the sample travel around 30 km daily, with a median
duration of 1 h and 20 min. The presence of workers travelling long home-work distances is
significant, with around 12% of respondents travelling more than 100 km. As far as gender
is concerned, a tendency toward greater mobility emerges for men. A total of 30% of them
travel more than 70 km daily, compared to a figure of 20% for women, a fact that has been
widely confirmed in the empirical literature [62,63].

The analysis of the average speed of circulation of means of transport in the four
provinces provides further information indicating the specificity of the territorial contexts.
Figure 1 shows 60-min polygons isochrone both related to public transportation and to car
generated with the TravelTime plugin to the geographic information software QGIS [64],
i.e., a line on each map province joining points together which are all one hour constant
time distance away from a starting point. By convention, the outward journey from the
surrounding territories to the institutional seat of the town hall of the provincial capital at
8 a.m. on a Wednesday has been selected. In yellow colour are represented the isochrones
relative to travel by public transport; in blue are the isochrones relative to travel by car. Af-
fecting the isochrones are the geographical conformation, such as lowland or mountainous
environment, the quantity and quality of the road network, and the population density in
the urban space. The small size of the polygon is evident for the province of Trento and
Rome, both for public transport and for the car. The difficulty of getting around in Trento is
largely attributable to the geography corresponding to the Adige Valley, although this is
compensated for by the presence of the Brenner motorway line and the railway, a polygon
with a particularly elongated shape. The difficulty of circulation in Rome is presumably
attributable to the phenomena of conurbation, in the central and semicentral areas, and of
urban sprawl, on the outskirts of the province, which is counterpointed by the high inci-
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dence of commuting. Furthermore, for Rome and Turin it appears that residents in the
municipalities of the first belt can rarely reach the centre in one hour by using public
transport. As to travelling by car, Turin and Bologna show a similar structure between
them, which would seem to indicate a more fluid circulation.

Figure 1. Isochrones of places that can be reached in 1 h by public transport/train (in yellow) and by
car (in blue) in the four cities.

The key mobility figures for workers in the four cities are summarized in Table 1, more
detailed indicators are in Tables 2 and 3.

Table 1. Key mobility figures for workers in the four cities.

Bologna Rome Trento Turin

daily commuting time (median value) (minutes) 60–120 60–120 30–60 60–120

workers with daily communting time >3 h 7.6% 14.5% 2.9% 4.9%

workers with daily communting distance >100 km 13.3% 20.3% 7.0% 9.6%

workers using car/2-wheeler
(exclusive and multi-modality)

73.4% 80.3% 82.7% 66.9%

workers using car/2-wheeler (exclusive) 44.9% 54.6% 62.0% 38.2%
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Table 2. Transport modes in the four cities.

Transport Mode Bologna Rome Trento Turin

foot/bike (exclusive) 4.3% 1.0% 4.3% 5.5%

public transport/train (exclusive) 17.3% 15.3% 8.3% 23.8%

car (exclusive) 41.6% 50.0% 62.7% 36.9%

2-wheeler (exclusive) 2.5% 4.4% 0.2% 0.9%

foot/bike & public transport/train (in combination) 5.8% 2.2% 5.7% 5.5%

public transport/train & car (in combination) 16.9% 15.5% 12.4% 16.8%

foot/bike & public transport/train & car
(in combination)

5.7% 2.9% 4.0% 4.3%

foot/bike & car (in combination) 1.3% 0.2% 1.4% 4.0%

Table 3. Transport modes and distances - total values for the four cities (Detailed data for the four
cities are listed in the Additional Material).

Distance

Modes 0–9 10–19 20–39 40–69 70–99 100–149 150–199 >200

foot/bike (exclusive) 3.5% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

public tr./train (exclusive) 4.5% 4.1% 2.7% 2.4% 1.3% 0.9% 0.3% 0.6%

foot/bike & public tr./train (in combination) 1.1% 0.9% 0.6% 0.9% 0.4% 0.6% 0.2% 0.4%

foot/bike & public tr./train & car/2-wheeler
(in combination)

1.2% 2.1% 4.1% 4.3% 3.4% 2.5% 1.5% 1.0%

car/2-wheeler (exclusive) 6.4% 10.0% 12.9% 11.4% 4.6% 2.3% 0.7% 0.5%

For workers in the provinces of Turin and Bologna, home-work distances are relatively
short. A total of 47% of the workers interviewed in Turin and 41% in Bologna travel less
than 20 km per day (Figure 2). With the exception of the case of long commuters (relevant
for Rome workers) longer distances are recorded for respondents from the province of
Trento, where 70% cover between 20 and 100 km per day, compared to 43%, 45%, and 52%
in Turin, Bologna, and Rome, respectively. Trento is confirmed as a dispersed city. It is
characterised by high average values of home-to-work distances, but at the same time by a
low standard deviation of distances, suggesting more similar individual profiles. Rome
shows the highest commuting distances, especially taking into account the frequency of
those in the highest classes (one in five Rome workers travels more than 100 km a day).

As far as daily travel time to and from work is concerned, the average for the overall
sample is just over an hour and a half (1 h 35 min). Rome is confirmed as the most critical
city, with an average travel time of 2 h, probably due to the longer distances travelled and
the more intense traffic conditions. Overall, these data are confirmed in recent literature
(see, for example the survey in [65]) and in the results of the analysis of the average speed
of circulation of means of transport reported in Figure 1. Daily commutes of more than 2 h
are travelled by 11% of workers in Trento, 24% in Bologna and Turin, and 37% in Rome
(Figure 3).
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Figure 2. Daily commuting distance of workers from the survey in the four cities.

Figure 3. Daily commuting time of workers from the survey in the four cities.

Almost half of the workers interviewed declare that their travels are exclusively
by private means of transport (47% by car and 2% by two-wheeler), while 17% travel
exclusively by public transport (including rail transport) and 16% travel by a public/private
mix. The exclusive use of soft mobility (walking or cycling) is a much less frequent option
(4%), which increases in mixed mode with public or private transport (11%).

Significant differences in the use of private means of transport in an exclusive form
(car and two-wheeler) between workers in Trento (62.9%) and Rome (54.4%) can be seen
(Tables 1 and 2). For the former, the high use of private transport is to the detriment of
public transport, for the latter to the detriment of soft mobility. Although public transport,
with foot/bike, is relatively more used in Turin (29.3%), it is much less so in Trento (14%).
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Looking at the data, relations can be observed between distance and choice of home-
work mode of travel (Table 3; the data for each city are shown in tables in the additional
material). The most sustainable modes are used most at shorter distances. For distances of
less than 20 km, 56.6% of the respondents use a combination of soft mobility and public
transport, compared to 25.6% in the range 20–70 km, 6.5% in the range 70–100 km, and
11.4% for longer distances. The mixed public/private mode is more frequent to travel
longer distances (41.9% in the range 20–70 km, 16.8% in 70–100 km, and 24.8% for more than
100 km). Finally, the tendency to use only car or two-wheeler is greater for respondents
who make a daily trip between 20 and 70 km (49.9%); however, even for trips of less
than 20 km the use of the latter is significant (33.6%). Three patterns of choice seem to
emerge: sustainable modes for short distances, with a presumable incidence of urban
and metropolitan bus and tram lines; intermodal for long distances, with a presumable
incidence of the train; the car for distances neither too long nor too short. From the data
collected in the survey, another strongly discriminating variable seems to be the family
variable, about having or not having children of school age [66]. Approximately 20% of
those who do not have school-age children use public transport exclusively, compared to
approximately 14% of those who do. Similarly, those who have school-age children use the
exclusively private mode in 52% of the cases, compared to approximately 47% for those
who do not.

The reasons given for mobility choices highlight the centrality of the private vehicle
in the management of life time; it is used by 48.7% of workers exclusively and by 75.1%
combined with other means, showing different habits across the cities under examination
(Table 1). The city with the lowest use of car/two-wheeler is Turin, followed by Bologna.

Private mobility offers flexible solutions in terms of time-saving and autonomy of
movement, and is often the easiest solution to certain specific logistical problems (such as
inadequate or nonexistent public services, or the need to travel to intermediate destina-
tions, etc.). Public transport, on the other hand, is mainly chosen with a view to saving
money or in the event of a shortage of parking spaces.

4.2. Mobility Habits during Remote Working

Table 4 shows the frequencies of usual modes of travel for daily needs in the days of re-
mote work and office work. Cases of exclusive use of modes were considered (n. 1399 work-
ers using in an exclusive way walking/cycling or public or car/two-wheeler). The table
represents a transition matrix, in which the cells arranged diagonally represent the number
of respondents remaining loyal to the same chosen mode of travel between the period
before and during remote work. In contrast, cells outside the diagonal indicate a change
in the choice of medium. It can be observed that the choice of private means of transport
and soft mobility is confirmed/maintained in the two different work modes in 64.7% and
81% of the cases, respectively. The use of public means of transport, on the other hand,
drops dramatically when workers are remote. Only 18.1% of the respondents in fact remain
faithful (check the figure in the four provinces). It may also be interesting to assess the
environmental effect of remote working by breaking down precisely the category of those
who do not prove faithful and change their mobility habits. The number of respondents
who previously used sustainable modes of transport (walking/cycling or public transport)
and after the introduction of distance working use private transport is a good approx-
imation of an estimate of the rebound effect on habitual travel (8.7%, or 122 persons).
A positive effect (environment and urban environment), on the other hand, is given by
the share of people who betray private transport in favour of sustainable modes (24.8%,
or 347 people). In particular, the use of walking/cycling increases sixfold with the adoption
of soft mobility distance working, against a reduction of ¼ in the use of private transport
and ¾ in public transport.
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Table 4. Frequencies of the modes of travel for daily needs when working remotely and at office.

Modes for Daily Needs Remote Working

Company Work-Place Foot/Bike Public Transport & Rail car/2-Wheeler
foot/bike 81.0% 6.3% 12.7%
public transport & rail 48.7% 18.1% 33.2%
car/2-wheeler 33.5% 1.8% 64.7%

In Trento and Rome, the percentage of respondents who make use of public transport
while working remotely is even lower (8.8% and 15.5%, respectively). One possible ex-
planation is the low territorial coverage of public transport, as suggested by the analysis
of the isochrones (see Figure 1), at least compared to its most direct competitor, the car.
In the province of Rome, in fact, even residents in the municipalities that are part of the first
belt would take more than 60 min if they used public transport to reach the metropolitan
core. Another significant statistic is the increase in the number of respondents resident in
Rome who say they exclusively use the bicycle/foot mode during their commute to work,
from just 4 to 116 (out of a sample of 412 workers).

4.3. Energy Consumption and Emissions Avoided from Private Vehicles

The methodology described in Section 2.2 was applied to each of the workers who use
a private motorised vehicle for at least part of the home-work route, to estimate the energy
and emission savings that can be associated to remote working.

A first interesting aspect to highlight is the contribution of the car in multimodal trips,
which is often neglected in the literature. In our sample, of the total 1270 workers that
used to commute at least partially by car, one-third was using it as part of multimodal
combinations. In this case, they travelled on average 21 km per day by car, compared to
an average of 43 km for those travelling exclusively by car. This finding suggests that
the contribution of car usage as part of a multimodal trip should not be neglected when
accounting for total commuting impacts. For this reason, we included also partial car trips
in our analysis of avoided emissions.

Table 5 reports some indicators in the four cities for remote workers that would have
exclusively or partially used private cars for commute. The average number of days worked
remotely per week varies from 1.7 for Trento to 2.8 for Rome, and so do the average distance
that would have been travelled by car, from 27.7 km/day in Turin to 40.9 km/day in Trento.
Daily avoided carbon dioxide emissions and fuel consumption also vary accordingly.

Table 5. Selected average indicators for remote workers travelling exclusively or partially by car for
each city.

City Workers Remote Days
per Week

Avoided
Distance by Car

(km/day)

Avoided CO2
Emissions
(kg/day)

Avoided Fuel
Consumption

(MJ/day)

Bologna 371 2.3 34.1 5.9 86.3
Rome 281 2.8 39.2 6.8 95.0
Trento 311 1.7 40.9 6.5 90.9
Turin 306 1.8 27.7 4.8 68.0

Total 1269 2.1 35.4 6.0 85.0

Considering the entire sample of the four cities, the average respondent that commutes
at least partially by car works remotely 2.1 days per week, avoiding approximately 35 km
per day of car travel, which in turn leads to 6 kg/day of CO2 emissions savings and
85 MJ/day of fuel savings. Considering average annual figures, based on 48 working
weeks (to account for holidays), each remote worker saves around 600 kg of CO2 emissions
and 8.6 GJ of fuel.
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The CO2 emission estimates per capita for the workers commuting partially or ex-
clusively by private cars can be extended to the entire group of respondents, to compare
average figures with the literature. In the cities considered in this study, each remote worker
leads to an average emissions saving of 3.8 kg of CO2 per day. This remains a conserva-
tive estimation, because only emissions of private transport means have been computed.
A study for the US [67] estimated that approximately 3.9 million Americans telecommuted
in 2014 and that telecommuters saved between 17 and 23 kg of CO2 emissions a day.
The higher values for the US context are often explained by average longer commuting
routes and higher specific emissions due to higher car sizes and lower efficiency.

A recent study by the International Energy Agency [68] estimates the net CO2 emis-
sions savings from remote working in different areas, including both transport savings and
additional household energy consumption. The average daily net CO2 emission savings are
around 4.9 to 6.0 kg/day in the United States, in winter and summer respectively, and 3.1
to 4.9 in the European Union in the same seasons. The study also remarks that the average
one-way commute is 18 km in the US and 15 km in the EU, and that the average car in
the US consumes around 45% more fuel than the average in the EU for a trip of the same
length. Thus, the results of this study for CO2 emission savings are comparable to those
found in the literature.

The data used in this work are a selection of a larger dataset collected during an
ENEA survey of the public administration. The dataset shows considerable variability in
the calculation of avoided emissions, which deserves an explanation. The key concept to
understand to interpret the savings data is the variability of the configurations that the
variables used can assume. The amount of km travelled, the type of route, and the vehicle
parameters generate a significant variability of the results. The results of our study are
appreciably close to those of the reference study. Our methodology, as shown in the graph,
can produce strong variability in the average daily data of CO2 saved among samples, and
considering the inevitable inhomogeneities between the used sample, the results show
good agreement with Burrell.

An alternative aggregation can be performed on the kind of fuel or technology, as re-
ported in Table 6. The results highlight the different average distances based on the type of
fuel. Although two-wheelers are generally chosen for short distances (although the absolute
number of people is very low and may not be statistically significant), it is interesting to
remark that petrol and hybrid cars show shorter distances compared to the other three
fuels (i.e. diesel, CNG, and LPG). These fuels are in fact often chosen by people travelling
on average longer distances, because they show a the higher upfront investment cost and
lower fuel costs, representing an advantage for users with high annual mileage. Higher
average distances for the workers with these cars also lead to higher daily emission and
fuel savings when they opt for remote working.

Table 6. Selected average indicators for remote workers travelling exclusively or partially by car for
each fuel.

Fuel Workers Remote Days
per Week

Avoided
Distance by Car

(km/day)

Avoided CO2
Emissions
(kg/day)

Avoided Fuel
Consumption

(MJ/day)

2-wheeler 12 2.2 18.2 1.7 23.8
CNG 89 2.0 42.6 6.4 108.9
Diesel 505 2.2 42.0 6.9 92.6
LPG 197 1.9 42.1 7.2 108.6

Petrol 438 2.1 24.3 4.7 64.3
Hybrid 28 2.3 26.2 4.0 55.2

In addition to GHG emissions, an estimation of the total emissions of several local
pollutants has been performed. The main pollutants are reported in Table 7. As already
mentioned in the methodology section, it is important to remember that the actual damage
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of local pollutants is related to their dispersion in the surrounding atmosphere and their
concentration in the air. For this reason, the total amount of pollutant emissions can only
provide a preliminary indication, but more precise analyses would be needed to estimate
the actual damage to the affected population, as well as a meaningful comparison across
the cities considered in this study.

Table 7. Selected average avoided daily pollutant emissions per capita for remote workers travelling
exclusively or partially by car for each city.

City
Avoided

NOX
(g/day)

Avoided
PM10

(g/day)

Avoided
PM2.5

(g/day)

Avoided
CO

(g/day)

Avoided
NMVOC
(g/day)

Bologna 8.5 1.0 0.7 26.4 7.6
Rome 14.1 1.6 1.1 38.9 13.4
Trento 14.8 1.5 1.1 18.7 6.3
Turin 7.9 0.9 0.6 23.8 7.7

5. Discussion

In the territorial contexts analysed, some of the different aspects that characterise the
demand for mobility emerge. The choice of means of transport does not only reflect an
individual preference, linked to cultural and psychological aspects, but is also linked to
the characteristics of the urban environment and the work context. The analysis shows the
positive effects, in terms of reduction of energy consumption and emission of pollutants
with local and global effects, resulting from the reduced use of cars and two-wheelers.
Further benefits are expected on an urban and local scale due to reduced road congestion at
peak times and lower traffic levels (with consequent effects on noise, accidents, and others).

A preliminary analysis of the effects of remote working on mobility for daily needs
suggests a shift in behavior toward active modes, at the expense of public transportation
and car use. The rebound effects due to a possible increase in car/two-wheel miles traveled
as a result of the adoption of remote working require dedicated analyses in order to assess
the impacts locally and globally and on the urban environment. Analyses will need to
consider daily commuting and leisure travel, including weekends. The limitations shown
by interventions put in place so far to reduce the negative impacts of transport highlight
the need for policies to acquire the ability to read contexts and influence the sociotechnical
patterns that determine people’s lifestyles and behavioural models (e.g., school-age chil-
dren, parking places, public transport). By triggering innovations that are at once technical,
organisational, and cultural, it is indeed possible to achieve changes in behavioural patterns,
on a large scale, and orient them in favour of the community [43]. Reorganising the logic
of home-to-work travel appears to be a relevant issue in the restructuring of urban areas
and the development and use of urban peripheries and the development of rural areas.
Some positive effects of smart working in urban suburbs have already been highlighted
through studies on urban regeneration [69]. Livable mixed-use functional and social neigh-
bourhoods (a form of development that combines residential and commercial use and
provides services at the neighbourhood, block and building level to ensure proximity to
services in residential areas) are an efficient and functional method of renewal and use of
urban areas [70,71]. Renovation projects with mixed-use neighbourhoods can attract more
people if smart working approaches become a common practice, also allowing for “soft”
mobility options at the city/neighbourhood level. Such solutions have been developed
in recent initiatives in several European cities (15-min cities, Spanish city blocks). The
studies conducted within the Smart Working for Smart Cities Project indicate the need for
coordinated and integrated policy actions, in which technological measures (technological
innovation and infrastructure) are combined with measures to accompany behavioural
change, consistent with the specific needs of workers and family groups in the territo-
ries under examination. The adoption of flexible models of remote working represents a
valuable tool for improving the sustainability of the urban environment and territories.
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The findings of this study are relevant for the specific case studies that have been
considered, but they are affected by some limitations when extrapolating the results to other
contexts. The first aspect to be highlighted is the fact that they are related to a pre-pandemic
situation, in which remote working was not seen as a common opportunity but rather
limited to workers that had specific needs. An update of this study, which is currently being
done, may provide additional insights about the differences that have arisen after the forced
COVID-19 remote working models. Another limitation is related to the fact that remote
working was chosen by a limited number of employees, which may not reflect the average
characteristics of the workforce. Thus, when estimating the potential broader impact of
increasing remote working share it is important to analyze specific aspects, including the
average distance from home to office, the transport mode that is being used and the specific
technology. Finally, it should be borne in mind that the results on consumption and avoided
emissions presented in this paper do not take into account, being calculated for the period
2015–2018, the evolution of the characteristics of the average vehicle fleet and the use of
electric vehicles, both cars and electric bicycles and scooters. Similarly, in some cases the
authors have used average figures for the vehicle characteristics due to the impossibility of
having all of the required technical information from the survey.

6. Conclusions

This paper presents the results of a survey focused on public employees that have
chosen remote working in four Italian large cities. In these cities, 71% of workers would
have travelled by car, exclusively or in combination with other modes. The variables most
capable of influencing travel choices, and in particular the probability of using private
vehicles, are to be found in (a) home-to-work distance, though with no linear dependence;
(b) in the characteristics of the province of belonging, e.g., transport opportunities, urban
spread; (c) in the family situation, in particular having children of school age.

The intensity of the use of private vehicles, in fact, proves to be higher at intermediate
distances, between 20 and 70 km (considering round trips). At the shorter distances (less
than 20 km per day, for round trip) and at the higher ones (more than 70 km) the preference
for the private vehicle as exclusive mode decreases, especially to the advantage of the
mixed public/private mode. As for the province of belonging, in the design of the research
this acts as a proxy of the exogenous context, both physical and social, and highlights how
the cities of Turin and Bologna are characterized by a lower tendency to use private vehicles
compared to Trento and Rome.

The evidence conveys the idea of a partial rebound effect, with decreasing commuting
compensated by greater proximity mobility, with a modal distribution more in favor of
sustainability, in particular of active modes. The center of gravity of habitual movements
tends to shift, especially in metropolitan areas, with greater gravitation within one’s neigh-
borhood. That the neighborhood becomes a more lived-in space is undoubtedly a positive
element, not only for environmental sustainability but also for the social, economic, and
cultural implications.

Finally, the study allowed for an estimation of the potential benefits of remote working
in terms of energy and emission savings. Considering the entire sample of respondents
in the four cities, workers that would have commuted at least partially by car have saved
on average 6 kg of CO2 per day thanks to remote working (their average round-trip
commuting distance was around 35 km). When extending these savings to the entire group
of respondents, on average a remote worker can lead to CO2 emission savings of at least
3.8 kg/day, only considering avoiding emissions from private transport modes. This figure
has been found to be comparable to other similar studies in the literature.

The results of this work confirm the important positive effects that remote working
can have on the workers’ life quality as well as on the environment. Policy makers should
be aware of the different dimensions that are involved with remote working, and define
specific strategies in support of this option, especially for workers that have few alternatives
to private transport modes and whose daily commuting is affected by long wait times due
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to congestion. At the same time, the results of this survey highlight the importance of
remote working to be provided as a choice and not as an obligation, because each worker
shows various life conditions and priorities.
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The following abbreviations are used in this manuscript:

ASI avoid, shift, improve
CNG compressed natural gas
COVID-19 Coronavirus disease 2019
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IPCC Intergovernmental Panel on Climate Change
GHG greenhouse gases
LPG liquefied petroleum gas
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PM particulate matter
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