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Abstract: The collapse of tourism caused by the COVID-19 pandemic is forcing many destinations to
rethink their economic model, by focusing on sustainability and innovation. Advances in tourism
impact assessment can not only improve tourism products and services, but also guide the sector
towards responsible choices for the post-COVID era. The paper proposes a new way to assess tourism
products using the Life Cycle Assessment—LCA methodology. Thanks to this method the authors
quantify the environmental impacts of tourism choices and propose alternative green solutions.
Innovation is therefore aimed at promoting a new awareness to support sustainable tourism after the
COVID-19 pandemic. Once the impacts have been quantified, local governments can make decisions
in their plans to promote the most sustainable solutions. The application of the methodology to a
typical case study for the Mediterranean area—Cinque Terre National Park in the Liguria Region
(Italy)—further helps administrations to transfer and replicate the authors’ proposal. The proposed
methodology is applied taking into account several priority issues for host territories such as the
activities carried out by tourists, tourism mobility, and accommodation.

Keywords: sustainable tourism; life cycle assessment; post-COVID strategies; tourism planning

1. Introduction: Tourism in the Era of COVID-19

Until the beginning of 2020, tourism had experienced continued growth and it was
considered as one of the fastest growing economic sectors in the world [1–4]. The tourism
industry generated over USD 236 billion in 2019 [5]. It is one of the world’s largest industries
and, according to the UNWTO—United Nations World Tourism Organization—tourism, as
economic sector, surpasses oil exports and food production in terms of business turnover [5].
In fact, tourism is perhaps, today, the most substantial and important industry [6–9], with
the greatest impact on the environment but also on urban topography, and the most cash-
flow generating industry of the 21st century [10]. Tourism, as a very substantial industry,
employs millions of people, moves billions of dollars, produces and induces technological
innovation, and uses brute labor. It is globally considered as a competitive and dynamic
sector and deemed a key driver for socio-economic progress [11–14]. In Italy, tourism,
together with flow-on activities, generates about 13% of GDP and jobs [15]. However, in
addition to the direct impact, everything upstream and downstream must be considered,
i.e., the so-called indirect impacts (Mason): how many buses would be manufactured
without tourism? How many planes?

In 2020, the global economic situation following the COVID-19 pandemic has changed
dramatically. Travel and tourism are among the most affected sectors [16–18] with a massive
fall in international demand due to global travel restrictions including many boarders
fully closed and the fear of infection. As 166 countries restrict entry into their national
territories, global mobility have come to a near standstill leaving tourism destinations
empty because their main resource, international tourists, were effectively absent [19].
UNWTO determined that international arrivals declined 74% for the whole of 2020 [20,21].
This means that international tourism returned to levels 30 years ago. The World Travel and
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Tourism Council (WTTC) estimates that 75 million jobs are at risk globally with a potential
Travel and Tourism GDP loss of up to $2.1 trillion this year. Tourism workers consider
2020 as a missed season but 2021 is proving to be just as complicated. The beginning of the
year 2021 has been worse for most destinations, with an average global decline of 88 per
cent as compared to the pre-pandemic level; although, the northern summer and autumn
may see a significant improvement for some destinations, in particular for domestic and
regional travel [20]. The indirect effects of this decline are even more devastating, as labor
and capital remain unused and the lack of demand for intermediate goods and services has
a negative upstream effect into many sectors [20]. In 2020, tourists preferred unpopular
and uncrowded destinations, often in the countryside, in order to be able to continue
travelling while avoiding contagion [22–25]. It is important to highlight these new travel
trends by analyzing the development prospects of the tourism sector that characterize
the COVID era and will characterize the post-COVID era in the coming years. Resilience
and adaptability are two key characteristics for a revival and restart of the hospitality and
tourism sector [26–28].

A recovery of the economic, social, natural, and cultural heritage of destinations is
necessary to relaunch tourism after COVID [29]. According to a survey carried out by
the Centro Studi del Touring Club Italiano—within the TCI community made up of over
300 thousand people—in the summer of 2020, after an initial phase of great caution, 90% of
Italians have regained a progressive confidence in going on holiday. However, 69% of those
interviewed said that the coronavirus had certainly changed their way of travelling [30,31].
“Proximity tourism” was preferred (72%) and more cautious behavior was adopted to
reduce the risk of infection: fewer events and museums than last year (67%), preference for
little-known and presumably less crowded destinations (59%), and less frequenting of bars
and restaurants (58%). The cautious approach to travel also affected the relational aspect:
42% in fact reduced their interpersonal relationships, avoiding making new acquaintances
and establishing friendships. These analyses seem to show a new propensity towards less
well-known destinations, where, however, the dependence of the local economy on the
tourism sector is less strong. In the aftermath of the COVID 19 pandemic, the problems
related to overtourism in some tourist destinations went from being purely problems
related to the tourist sustainability of a location to health problems. The destinations
that suffered most from overtourism are those that suffered most from the COVID-19
crisis [32–34]. According to Federalberghi—the trade association for accommodation facili-
ties in Italy—Venice, a city that worked almost exclusively with foreign tourists, lost 90%
of its presences. The Cinque Terre recorded a minus 75–80 per cent drop in presences in
2020; in Florence, an internal survey by the Florence Convention Bureau noted “a vertical
collapse” of international arrivals in the city, with peaks of minus 70 per cent, a drop not
offset by domestic tourism [35]. These data show that Italian destinations that most need to
see tourists return are those that previously suffered from overtourism. In fact, in these
destinations the local economy is highly dependent on tourism: in Venice 1 in 3 people
work in the catering and accommodation sector; for the metropolitan area of Florence, the
economic impact of tourism amounted to EUR 3,647,1 billion, of which about 70% in the
city of Florence alone.

The collapse of tourism caused by the pandemic is forcing many destinations to
rethink their economic model [36], by focusing on sustainability and innovation [37]. The
data above mentioned also demonstrate a positive trend in demand for more responsible
vacations. To jumpstart the industry in the post-COVID era, therefore, we must focus
on this new environmental consciousness. To succeed in this, it is important that all the
actors involved—tourists, residents, public administrations, and private businesses—act
by pursuing common goals [38–40]. The sustainable destination is intended as a “host
community” and the tourist or visitor is a kind of “temporary citizen” [41]. To support
responsible tourism, it is also important to develop new tourism plans and solutions
that take into account the tourism impacts [42–44]. Because, if on the one hand, tourism
can be considered as an opportunity to improve the quality of life and income in host
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countries, on the other hand, it can contribute to the degradation of the landscape, the
growth of inequality, cultural loss, immoderate consumption of resources (energy, water,
land, etc.), and increase in waste production and transport demand [45,46]. Tourism is
globally responsible for 8% of all carbon dioxide emissions, the most important greenhouse
gas causing climate change [47]. However, in terms of radiative forcing, the direct measure
for contribution to climate change, tourism even could have share of up to 12.5% [48,49].
Moreover, the greenhouse gas emissions of tourism are estimated to grow at a rather large
rate, while globally emissions should be reduced with up to 80% by 2050 [50]. Finally, it
has been shown that the eco-efficiency—the economic contribution per ton emissions—of
tourism is rather low [51]. These data totally clash with the view, actually slightly common
to many researchers in the past, according to which tourism is a low environmental impact
industry [52–54]. Now, it is a shared concept that tourist activities are strongly related to the
environment [55–57]. On the one hand, the natural environment itself may be considered
as a major input resource to the processes of tourism industries, and, on the other hand,
the development of tourism as a mass industry may severely increase its overall impact
on the environment [58,59]. Despite an increasing number of publications in recent years
highlighting the negative environmental and social impacts of tourism [60,61], national
and local governments continue to treat the tourism industry solely from an economic
point of view. Existing tourism plans are mostly territorial marketing tools and not tourism
management (spatial, resource requirements, flows, etc.) [62].

Sustainable tourism is globally recognized as the only solution against the negative
impact of mass tourism [63,64]. The UNWTO defines sustainable tourism as “a form of
tourism that meets the needs of travelers and host regions while protecting and improving
opportunities for the future”. The Italian Association of Responsible Tourism (AITR) states
that “sustainable tourism is implemented according to principles of social and economic
justice in full respect of the environment and cultures. It recognizes the centrality of the
host community and its right to be a protagonist in the sustainable and socially respon-
sible tourism development of its territory. It works by fostering the positive interaction
between the tourism industry, local communities, and travelers”. The development of
sustainable tourism takes into consideration several issues to work on: biodiversity and the
preservation of natural heritage, the protection of local communities and the enhancement
of cultures and traditions and the creation of sustainable economic actions in the field of
tourism that aim to alleviate poverty. Promoting sustainable tourism means rethinking
traditional tourism by considering the three aspects of sustainability, environmental, social,
and economic, in an integrated and comprehensive way. There are three main actions
that this new form of travel must pursue: welcoming, involving, and satisfying guests;
protecting and improving the environment; and developing the local economy. Sustainable
tourism, unlike mass tourism, listens to the needs of the individual traveler [65,66] by offer-
ing him a unique experience, while minimizing the negative effects on the environment, the
economy, and the host society. It aims to create new jobs and improve the local economy by
enhancing traditions and typical products.

If the pre-COVID tourism trend were to be reconfirmed in the coming years (WTO
forecasts that we will reach the same levels as in 2019 by 2023) [20], the global situation
would become even more unsustainable with emissions related to tourism transport tripling
in 30 years. To be able to talk about sustainability in tourism, it is necessary, to analyze
its impacts on the natural and socio-cultural environment of a destination and then adopt
the necessary measures to reduce/eliminate the negative effects and enhance the positive
ones through the promotion of sustainable solutions. However, it is not easy to measure
the impacts of tourism [67,68], so the paper proposes a methodology that can help local
governments in choosing the greenest tourism solutions to promote in their territories and
tourism plans. In particular, the paper intends to use the LCA methodology, normally
applied to assess the sustainability of industrial products, to investigate tourism products
and assess the greenest choices in terms of means of transport, accommodation facilities,
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and tourism activities/experiences. The aim is to give local authorities a scientific tool to
understand and compare the environmental impacts of different travel solutions.

2. Materials and Methods: LCA to Get Tourism Product More Sustainable

The paper proposes a new methodology to promote sustainable tourism. Advances
in tourism impact assessment can not only improve tourism products and services, but
also guide the sector towards responsible choices for the post-COVID era. The paper
proposes a new way to evaluate tourism products using the Life Cycle Assessment—LCA
methodology. Thanks to this method the authors quantify the impacts of tourism choices
and identify the greenest solutions that local administrations should encourage for the
tourist development of their territory. The aim is to increase the direct involvement of
people and local communities in an intelligent and balanced management of resources.
LCA is a quantitative approach that takes into account the entire life cycle of a product
(use of raw materials, pre-production processes, production, consumption, and end of
life/recycling) to assess its overall sustainability [69–73]. Although LCA was initially
conceived for the analysis of products, it can easily be used to evaluate services [74–77]
and therefore can be applied to tourism. Being an all-inclusive methodology, it can identify
potential shifts in economic, environmental, and social burdens from one life cycle stage
to another, from a certain geographic area to another, and from one sustainability issue
to another [78,79].

LCA is also considered an environmental tool to support the implementation of
the European Sustainable Consumption and Production Action Plan (SCP) in the travel
and tourism sector. Accommodations, destination activities, and transportation are the
factors [80] that generate the majority of GHG emissions from tourism [81]. Overall, the
tourism industry is responsible for approximately 8% of the global carbon footprint of
which approximately 60% is due to tourism transportation [82,83]. As the importance
of tourism to the world economy continues to increase, the environmental aspects and
impacts generated by its activities should be carefully considered from a Life Cycle Thinking
(LCT) perspective.

To analyze tourism according to the logic of LCA, it is necessary to identify what
is meant by a tourism product. It is not a simple product, but a wide range of goods
and services that interact with each other to collectively create a tourism experience with
tangible aspects (e.g., hotel, restaurant, and airline) and intangible aspects (e.g., sunset,
landscape, and atmosphere) [84]. Middleton (1989) notes that the term “tourism product”
is used at two different levels: the “specific” level (i.e., a unique product offered by a single
company, such as a sightseeing tour or airline seat) and the “total” level (i.e., a tourist’s
complete experience from the time they decide to leave home to the time they return) [85,86].
This paper considers the tourism product at the “total” level by assessing the environmental
impacts of a vacation. The tourism product analyzed includes several possible alternatives
depending on the means of transport used to reach the chosen destination, the type of
accommodation, the activities carried out during the vacation and the services and/or
resources used (water, waste, energy, transportation, etc.) (Figure 1).

Since tourism is a composite product, the LCA of a tourism product begins when the
tourist starts the trip and ends when the tourist returns home. According to this “door-to-
door” concept, LCA is used to assess all environmental impacts generated when the tourist
is away from home. However, to analyze every impact cost of every aspect of a holiday,
from preparatory to return activities, is a prohibitively exhaustive process. Therefore, the
authors determined a more realistic scope. Primarily LCA was limited to aspects of the
holiday with which tourists came into personal contact. For this reason, this paper cut
off the construction and destruction phase of the accommodation facilities because this
could detract from the focus of the assessment that is entirely cantered on the holiday
package purchased by a tourist. Secondary considering that the methodology proposed by
the authors wants to be a valid support for public administrations in sustainable tourism
planning, pre- and post-trip activities are excluded. This because local authorities can do
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little to guide these stages that are part of a more global vision of the tourism product. For
this reason, the methodology proposed by the author for the LCA of a tourism product
combine different transportation option with each possible accommodation and activity
offered by a tourist destination. Specifically, it is recommended that public administration
use LCA to direct tourists towards responsible behavior suggesting tourists which are the
more sustainable means of transports, places to sleep and activities to do. This means that
the LCA application should focus on the best means to reach the desired destination, the
less harmful activities and how to get local accommodations greener. In order to calculate
the LCA linked to the operation of each of the different types of accommodation, the use
of water, electricity, and methane were included among the inputs and the production
of solid waste has been considered as an output (Table 1). Among the outputs it has not
been possible to take into consideration the waste water because in literature there are not
sufficient data about it.
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Table 1. Inputs and output related to accommodations according to the authors’ methodology.

INPUT OUTPUT

Water
Energy

Methane

1–2 stars hotel

Solid waste
3 stars hotel

4–5 stars hotel
B & B

Generally, the resources used for the operation of the facilities are considered as inputs
and the discarded materials as outputs.

To calculate the LCA of the total tourism product each different transportation option
is combined with each possible accommodation and activity choice. Finally, the authors
suggest to use the software Simapro, one of the leading software to collect, analyze, and
monitor the environmental performance of products and services.

3. Results: The Cinque Terre Case Study Application

Case study and first application of the proposed methodology is the Cinque Terre
National Park, the first tourist destination of the Liguria Region in Italy (Figure 2). The use
of the case study is employed in many situations to contribute to specific knowledge or a
group of situations related to the case itself. Focusing on an individual case allows for a
holistic and real-world perspective to be maintained [87]. In particular, the chosen case is
considered replicable in many other tourist destinations, especially in the Mediterranean
area, characterized by



Sustainability 2022, 14, 18 6 of 16

Sustainability 2021, 13, x FOR PEER REVIEW 6 of 17 
 

To calculate the LCA of the total tourism product each different transportation option 
is combined with each possible accommodation and activity choice. Finally, the authors 
suggest to use the software Simapro, one of the leading software to collect, analyze, and 
monitor the environmental performance of products and services. 

3. Results: The Cinque Terre Case Study Application 
Case study and first application of the proposed methodology is the Cinque Terre 

National Park, the first tourist destination of the Liguria Region in Italy (Figure 2). The 
use of the case study is employed in many situations to contribute to specific knowledge 
or a group of situations related to the case itself. Focusing on an individual case allows for 
a holistic and real-world perspective to be maintained [87]. In particular, the chosen case 
is considered replicable in many other tourist destinations, especially in the Mediterra-
nean area, characterized by 
- Historical centers with narrow streets and small housing units; 
- Valuable natural terrestrial areas 
- Protected marine areas; 
- Land with ancient crops; 
- Communities with ancient traditions; 
- Villages connected by narrow, winding streets. 

The Mediterranean area is the most visited area in the world, so it is important to 
start from here to study new solutions for a more sustainable tourism. The Cinque Terre, 
a world-famous tourist destination, is a fragile area from a hydrogeological and environ-
mental point of view compared to many other Mediterranean destinations, which can 
hardly cope with the flow of 3.5 million tourists arriving every year. Despite the obvious 
signs of distress, the model of maximizing tourism is still being pursued here. Extreme 
weather phenomena, senseless exploitation of the land and unbridled tourism are threat-
ening one of the most special and difficult places on the Italian coast. To save this heritage 
of beauty and biodiversity, public authorities need to rethink the relationship between 
tourism and the environment. For this reason, it was decided to use this emblematic case 
study as a starting point to provide local municipalities with new tools for assessing the 
environmental impacts of tourism in order to define new strategies and planning tools. 

 
Figure 2. Tourist map produced by the La Spezia tourist office. The Cinque Terre (Monterosso, 
Vernazza, Corniglia, Manarola, and Riomaggiore) are in Italy, Liguria Region, La Spezia Province. 

The Cinque Terre are five colorful villages (Monterosso, Vernazza, Corniglia, 
Manarola, and Riomaggiore) overlooking the sea on the eastern Ligurian Riviera. With 
their vineyards, vegetable gardens, and mountain backdrops, they are part of a national 
park much loved by both Italian and international tourists. The Cinque Terre are a special 

Figure 2. Tourist map produced by the La Spezia tourist office. The Cinque Terre (Monterosso, Vernazza,
Corniglia, Manarola, and Riomaggiore) are in Italy, Liguria Region, La Spezia Province.

- Historical centers with narrow streets and small housing units;
- Valuable natural terrestrial areas
- Protected marine areas;
- Land with ancient crops;
- Communities with ancient traditions;
- Villages connected by narrow, winding streets.

The Mediterranean area is the most visited area in the world, so it is important to start
from here to study new solutions for a more sustainable tourism. The Cinque Terre, a world-
famous tourist destination, is a fragile area from a hydrogeological and environmental
point of view compared to many other Mediterranean destinations, which can hardly cope
with the flow of 3.5 million tourists arriving every year. Despite the obvious signs of
distress, the model of maximizing tourism is still being pursued here. Extreme weather
phenomena, senseless exploitation of the land and unbridled tourism are threatening one
of the most special and difficult places on the Italian coast. To save this heritage of beauty
and biodiversity, public authorities need to rethink the relationship between tourism and
the environment. For this reason, it was decided to use this emblematic case study as a
starting point to provide local municipalities with new tools for assessing the environmental
impacts of tourism in order to define new strategies and planning tools.

The Cinque Terre are five colorful villages (Monterosso, Vernazza, Corniglia, Manarola,
and Riomaggiore) overlooking the sea on the eastern Ligurian Riviera. With their vineyards,
vegetable gardens, and mountain backdrops, they are part of a national park much loved by
both Italian and international tourists. The Cinque Terre are a special place, but they are in
danger of being lost because of a fragile territory prone to flooding and landslides and the
excessive number of visitors. These villages are increasingly turning into one of the many
places where people live only to serve tourism, compromising their quality and beauty and
above all their authenticity. The ever-increasing flow of tourists has seriously threatened
the economic, ecological, and cultural balance of the park. To move from one village to
another, visitors must take the train because there is no road connection. This is leading to
an unsustainable situation where trains and railway stations are always too crowded.

Following the logic of LCA, the tourism product is evaluated in its entirety, as a
complete experience of a tourist from home to home according to the boundary system
described in the previous chapter that cut off the pre and post trip activities. According to
this “door to door” concept the LCA is used to assess all environmental impacts generated
when the tourist is away from home. The starting point considered is within a radius of
1.000 km (Paris, Barcelona, Berlin, Prague, etc.) and the end is the Cinque Terre National
Park. The construction phase of the accommodation facilities was excluded, as stated in
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the methodology chapter, because this could detract from the focus of the assessment that
is entirely center on the holiday package purchased by a tourist. The functional considered
is a temporal unit: one person spending 3 days’ holiday inside the Cinque Terre National
Park. This time span was chosen because, excluding cruise tourists who on average stay
only half a day, it is the average time spent by visitors to the Cinque Terre Park. Thanks to
this functional unit it is possible to compare different holiday packages according to the
means of transportation used to reach the destination, the type of accommodation and the
leisure activities undertaken during the visit (Table 2).

Table 2. The relevant alternative solutions related to the product under study. Source: authors.

Outward trip
plane
bus

cruise
private car

bike

Accommodation
1–2 star hotel

3 star hotel
4–5 star hotel

B&B
Apartment

Return trip
plane
bus

cruise
private car

bike

Activities
Sight seeing

Hiking
Boat tour

Diving
Jet ski

Swimming pool
Sauna, etc.

The LCA of each travel possibility was calculated using the Simapro software. The
impact categories used by the authors to asses tourist options are: Climate change; Human
toxicity; Acidification; Terrestrial Eutrophication; Ozone formation; and Resources. Primary
and secondary data come from publications (Table 3), open literature, LCA libraries and
tourism statistics office.

Table 3. The main references used for data collection.

Source Object and Location

Rossello Batle et al. (2010) 2 hotels in the Balearic Island, Spain
Dascalki and Balaras (2004) 4 hotels in France, Greece, Italy, and Spain
De Camillis et al. (2008–2010) 3 budget hotels in Italy
Filimonau et al. (2013) A journey in southern France
Konig et al. (2007) Tourism resort in Portugal
Karagiorgas et al. (2006) 200 hotels in Greece, Italy, France, and Spain
Sala and Catellani (2012) One week holiday in Italy
Xydis et al. (2009) 4 hotels in Greece

With regard to the INPUT data, i.e., the resources used, and OUTPUT data of the
different accommodation facilities, the authors systematized the information contained in
different publications (Table 3) and reworked it in the following table (Table 4).

Table 4. Data use by the authors for LCA of different accommodation facilities.

Accommodation Data

INPUT UNIT 1–2 Star 3 Star 4–5 Star B&B

electricity Kwh*guest/night 5.1 1.4 26 4.7
natural gas Kwh*guest/night 4.1 6.1 13 7.8

water l*guest/night 335 380 480 350

OUTPUT UNIT 1–2 Star 3 Star 4–5 Star B&B

solid waste Kwh*guest/night 0.56 0.8 1 0.6
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In order to assess the life cycle assessment of the various means of transport, the
databases available in the Simapro software for the countries of the European Union were
used. All the collected data for the different types of accommodation and transportation
were organized referring to the functional unit: one person spending three nights inside
the Cinque Terre National Park. This is not the case for the activities carried out during the
holiday, which were only considered once as they are valid as a single experience. A tourist
who decides to take a boat trip in the park is unlikely to repeat the same activity the next
day. For this reason, a combined analysis of the three days’ stay in the Cinque Terre Park of
the means of transport and accommodation is given first, while the activities carried out on
holiday are analyzed individually.

The following tables show the environmental impacts for each of the selected cate-
gories (Climate change; Human toxicity; Acidification; Terrestrial Eutrophication; Ozone
formation; and Resources) related to the different means of transport (Table 5) and types
of accommodation (Table 6). In the graphs, however, the data obtained were maximized
taking into account the highest recorded value in order to be able to compare the different
impacts depending on the means of transport (Figure 3) and the accommodation facility
(Figure 4). Analyzing the results obtained, it is clear that the worst combination from an
environmental point of view is the travel solution that considers a 4–5 star hotel and travel
by car (always taking into account the functional unit of a person for 5 nights). Instead, the
most environmentally friendly solution is to travel by train and sleep in a 1–2 star hotel. It is
interesting to note that the solution of sleeping in a B&B and traveling by bus is very similar
in terms of impacts to the more sustainable choice. The bus appears to have a greater
contribution than the train in terms of acidification, global warming, ozone layer depletion,
and abiotic depletion of fossil fuels; almost equal for eutrophication and photochemical
oxidation and better for abiotic depletion. The travel solution that includes an overnight
stay in a B&B differs little from that in a 1–2 star hotel, and both can be considered as
virtuous choices by local administrations.

Table 5. Data related to transport LCA for the case study.

Tourism Transport
Solution/Impact Aircraft Car Coach Train Max

Acidification kg SO2 eq 1.17 1.76 0.709 0.413 1.76

Eutrophication
kg PO4—eq 0.187 0.541 0.138 0.137 0.541

Global
warming (GWP 100a) kg

CO2 eq
271 633 94.2 81.6 633

Photochemical Oxidation
kg C2H4 eq 0.0431 0.17 1.81 × 10−2 2.01 × 10−2 0.17

Ozone layer depletion
kg CFC-11 eq 5 × 10−5 9.67 × 10−5 1.68 × 10−5 9.11 × 10−6 9.70 × 10−5

Abiotic depletion
kg Sb eq 2.27 × 10−5 7.25 × 10−3 1.50 × 10−5 3.21 × 10−4 7.25 × 10−3

Fossil fuels
Mj 3.90 × 10−3 8.53 × 10−3 1.37 × 10−3 910 8.53 × 10−3

Table 6. Data related to transport LCA for the case study.

Accomodation/Max
Impact 1–2 Stars 3 Stars 4–5 Stars B&B Max

Acidification kg
SO2 eq 0.249 0.5939 1 0.1942 0.369

Eutrophication
kg PO4—eq 0.2211 0.5518 1 0.2122 0.0847
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Table 6. Cont.

Accomodation/Max
Impact 1–2 Stars 3 Stars 4–5 Stars B&B Max

Global
warming (GWP
100a) kg CO2 eq

0.2316 0.5489 1 0.2452 56.493

Photochemical
Oxidation

kg C2H4 eq
0.2121 0.5434 1 0.2100 0.0151

Ozone layer
depletion

kg CFC-11 eq
0.2111 0.5389 1 0.2143 642 × 10−6

Abiotic depletion
kg Sb eq 0.2201 0.5501 1 0.2133 0.0001

Fossil fuels
Mj 0.2199 0.5349 1 0.2412 576.10
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With respect to accommodation, the greatest effects on the environment are due to
the use of electricity for each of the global and regional environmental impacts considered
(global warming, ozone depletion, abiotic depletion, acidification, eutrophication, and
photochemical oxidation). It can therefore be said that the first operation to be carried out
by local authorities is to reduce the impacts linked to the accommodation facilities investing
in energy efficiency of the buildings. Secondly, interventions to reduce heat loss and water
consumption are important. These interventions can be carried out through a public–
private partnership. The public sector, for example, can help with its own technicians to
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assess the state of the building from the point of view of energy and heat performance, and
can also help building owners to access national and European funding. In addition, local
authorities can provide a sustainable tourism plan that also takes into account the state of
existing accommodation facilities and aims to reduce waste.

However, the negative environmental effects do not derive only from the type of
transport or of accommodation but also from the activities carried out by tourists during
their journey. The greatest impacts are related to activities that consume fuel or electricity
and much depends on the number of people who can perform the same activity at the
same time (the higher the number of people, the lower is the impact). According to the
LCA the jet skiing is the activity carried out in the Cinque Terre that produces the most
negative effects on the environment while hiking is the most sustainable. The second least
impactful activity is the sightseeing between one village and another moving by train,
while the penultimate activity in terms of impacts is the boat tour. The sea activities to be
considered sustainable are snorkeling, canoeing, and stand-up paddle. The graph below
(Figure 5) reports the environmental impacts of the land and marine activities considered
using a reference scale of 1 to 20, where 1 is the minimum impact and 20 the maximum
impact. Taking into account the results obtained, local administrations should promote
less impactful activities more, e.g., by better signposting the park’s hiking network and by
trying to convert more impactful marine activities such as jet ski to other activities such
as snorkeling or canoeing. Certainly, local sustainable development tourism plans should
prevent private companies starting new high impact activities inside the park area.
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activity was considered a boat with a capacity of fifty people.

Furthermore, on the basis of LCA results, public administrations can provide practical
guidelines for accommodation facilities owners, tourism activity organizers or other im-
portant stakeholders. These guides should indicate the solutions to be adopted to reduce
the environmental impacts related to the analyzed tourist product or facility. Thanks to
LCA it is possible to identify the most impactful elements/processes and to evaluate alter-
native solutions. In the table below the authors give an example of practical guidelines for
managers of accommodation facilities (Table 7).
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Table 7. Guidelines to reduce environmental impacts of accommodation facilities.

Guidelines for Accommodation Facilities Owners

Category Recommended Interventions

Energy-savings
Install light sensors and solar panel

Switch to LED Lights
Reduce settings on Air Conditioner

Heat-savings
Install thermostats, sensors, and set heating limits

Insulate pipework
Install air source heat pumps

Water-savings
Install spray faucets

Repair leaky taps
Do not change towels daily

Less waste

Do not use disposable dishes, forks, spoons, etc.
Install refillable shampoos and soaps

Separate waste collection in each room and in common areas
Install water dispensers instead of plastic bottles

4. Discussion

The paper seeks to develop a new methodology for public authorities to assess the
environmental impacts of tourism. These impacts have to be taken into account within
the planning tools for the promotion of sustainable tourism. However, there are still many
aspects to be considered. In fact, the study is limited to assessing the environmental impacts
linked to the type of accommodation, transport, and activities chosen by tourists during
their stay. The paper does not dwell on the economic and social aspects, both of which are
important if the concept of sustainability is to be analyzed comprehensively. To overcome
these limitations, for example, it could be useful to weigh the results achieved through
the LCA with economic parameters in order to take into account the positive effects of
the tourism industry on GDP in host communities. Correction factors could be included
for each of the means of transport, types of accommodation, and activities undertaken
during the holiday. The social aspects of sustainability should also be further analyzed. In
this case, it could be envisaged to create and distribute a questionnaire to understand the
relationship between the residents of the visited destination and the tourists.

Sustainability comes from balancing its three components: economic, environmental,
and social. This paper, analyzing the tourism industry, has focused on the environmental
component, since all too often local plans and policies only consider only the economic
returns of tourism [88–90]. While there are numerous studies in the literature on tourism
from an economic point of view, environmental impacts have only been analyzed in the
last 10 years and there is still no agreed methodology on how to evaluate them scien-
tifically. The use of LCA methodology applied to tourism was introduced in 2010 by
De Cammillis et al. [91,92] and has been followed by other interesting studies on the sub-
ject [93–95]. However, there is currently no predominant or codified methodology on the
use of LCA in the tourism sector. This paper seeks to contribute to this debate by proposing
a simple and replicable way (especially by public administrations) of using LCA to assess
the environmental impacts of accommodation, transport, and activities chosen by tourists
in a destination.

Alternative methods to LCA for assessing tourism-related environmental impacts
also exist in the literature. Very interesting are the studies by Gossling and Peters [96]
on resource consumption by tourism (fossil fuel consumption, associated CO2 emissions,
fresh water, land, and food use) using the Global Tourism Transport Model to understand
past and future resource consumption related to the tourism sector. This model is based
on the calculation of RUI-resource use intensities, i.e., the difference between the quantity
of input against the quantity of output. Another methodology for assessing the environ-
mental impacts of tourism is related to the calculation of Tourist Carrying Capacity in
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park/protected areas, i.e., the maximum number of visitors an ecosystem can support
without having significant negative impacts [97,98]. However, it is true that in order to
achieve comprehensive results, it is necessary to assess all aspects of sustainability at the
same time. One solution could be for public administrations to evaluate the results obtained
from this paper in conjunction with interesting studies that have come out in recent years
that quantify the social [99–102] and economic [103–105] impacts.

A further aspect that deserves to be explored is innovation in the tourism sector. This
innovation can be linked to the use of technology and ICT tools [106] but also to new models
of analysis [107] or management to improve the hospitality of a destination [108]. In all
three cases, it is important to focus on creativity and a close collaboration between public
and private sectors. Tourism is a fast-growing sector and in order to remain competitive,
destinations must focus on innovation in their tourist offer. Advances in technology can not
only improve tourism products and services, but also steer the sector towards responsible
choices. ICT tools and applications can contribute to the spread of sustainable tourism
services, responding to a new awareness towards the environment and host communities.
For this reason, it can also be hypothesized that the results obtained by applying the LCA
methodology to tourism products (proposed in the paper) can be viewed in real time by
tourists via smartphone. In this way it is possible to make them aware of the choice of the
most sustainable means of transport, accommodation, and activities in a destination.

5. Conclusions

Current quantity-based development models and the projected growth of the global
tourism industry will continue to damage landscapes, cause soil erosion, put pressure on
species, further strain available water resources, increase waste and pollution discharges
into the sea, and lead to cultural unrest [109]. The need for tourist sustainability should
not be underestimated: in fact, more and more destinations are experiencing the negative
effects of a fast-growing phenomenon, capable of registering a global increase of 7% per
year [110]. The crisis of the tourism sector due to the COVID pandemic represents an
opportunity that allows the development of more efficient and sustainable services to meet
the demands of increasingly aware and attentive travelers.

The methodology proposed by the paper is of great interest because the first reopening
of local and international borders has shown how tourism is an indispensable need for
many. The beaches, as well as the cities of art, have once again filled with visitors ready to
crowd in, despite the many bans imposed to decrease the risk of contagion. This shows
how the necessity of a sustainable tourism is a very real issue. The economic models
on which the tourism industry were predominantly based before the advent of COVID
were unsustainable, unable to meet the 2030 Agenda goals and the 2050 climate neutrality
required by the European Union. This is why a change in course and a real turnaround in
support of sustainable tourism is essential. Thanks to the LCA methodology, it is possible to
reduce the consumption of local resources (for example, by improving thermal and energy
performance of accommodation facilities) and identify the most sustainable transportation
systems and tourism activities of a destination. However, the method proposed in the paper
must be integrated into local policies and planning tools for promoting sustainable tourism.
Without this practical aspect it risks remaining a theoretical tool unable to bring about real
change in the tourism sector. Many Italian municipalities suffering from mass tourism
should adopt sustainable tourism plans that analyze how to reduce the negative impacts of
this economic sector on the environment and host communities. This plan would also be
useful for tourist municipalities that have not yet reached saturation levels, in order to steer
the development of the sector towards sustainable choices and avoid making the same
mistakes made in other places. At present, in Italy, tourism planning stops at the regional
level, except in a few rare cases such as Venice. Other European countries have instead
supported and developed various plans at local level. In Spain, for example, there are
many municipal tourism plans. In this case, the municipal level has been able to produce
interesting results by better distributing tourism throughout the territory thanks to the
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diversification of the tourist offer. Believing in the importance of tourism planning at a local
level, the paper seeks to provide additional scientific tools to all municipalities that decide
to implement their own plan to support sustainable tourism. In particular, the proposed
method helps planners to quantify the environmental impacts of tourism in a destination.
Once the impacts have been quantified, local governments can make decisions in their
plans to promote the most sustainable solutions. The application of the methodology to
a typical case study for the Mediterranean area further helps administrations to transfer
and replicate the authors’ proposal. The results obtained from the application of the
methodology proposed in the paper show that the impacts of transport are at least five times
higher than those of accommodation for all categories considered (global warming, ozone
depletion, abiotic depletion, acidification, and photochemical oxidation) except for the
values concerning eutrophication. In addition, it was found that the most environmentally
friendly solution is to travel by train and sleep in a 1–2 star hotel, but it is interesting to note
that the solution sleeping in a B&B and travel by bus is very similar in terms of impacts
to the more sustainable choice. The results obtained are also valid for other areas in the
Mediterranean as the authors used European databases to evaluate means of transport and
data from Spain, France, Italy, and Greece for accommodation facilities. In order to evaluate
case studies in northern Europe, it is necessary to retrieve the resource consumption of
hotels in other countries as it can vary considerably (just think of heating) compared to the
Mediterranean area. The same applies to the activities/experiences tourists can participate
in at the destination under study. The activities analyzed in the paper are in fact typical
for coastal locations in the Mediterranean: boat trips, jet-ski, hiking, snorkeling, diving,
canoeing, etc. Overall, we can say that the study has achieved the objectives set out in
the introduction, namely, to contribute to making tourism more sustainable in the post-
COVID era. Thanks to the proposed methodology, public administrations can assess the
environmental impacts of tourism and propose greener choices.
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