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• Life Cycle Assessment (LCA) is key to cli-
mate change mitigation, tourism sustain-
ability and resilience post-pandemic.

• The most common environmental indica-
tor in the LCA methodology is the Carbon
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Sustainable tourism should be promoted as a new system for the sustainable management of resources from a socio-
economic and environmental point of view. For this purpose, it is necessary to develop a tool capable of assessing
the impacts associated with the sector and to identify which actions are currently being addressed in order to achieve
the desired sustainability.
This timely study aims to describe the current framework of Life CycleAssessment (LCA) and its application to the tour-
ism sector. To address these questions, a total of 83 documents (77 reviews and 6 international reports) were evalu-
ated, assessing the geographical distribution, the temporal evolution of the publications, as well as the most
relevant characteristics of the tourism industry articles were evaluated such as, life cycle inventory (LCI), system
boundaries, functional unit (FU), methods, environmental indicators and impact categories considered.
The study identifies key recommendations on the progression of LCA in tourism sector. As important results, it stands
out that 94 % of articles were from the last decade and 21 % of the articles reviewed cover sustainable tourism term,
considering the three dimensions. This review showed that in LCA studies the most common method was CML 2001;
the most widely used environmental indicator was the Carbon Footprint (CF) and the Global Warming Potential
(GWP) was the impact category used in all the studies. Hence, LCA is a highly effective tool capable of assessing direct
and indirect carbon emissions in tourism as well as the socioeconomic and environmental impacts generated in this
sector.
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COVID-19 pandemic is also an object of discussion in the framework of the sustainable tourism together with advocat-
ing support for the eco-labelling and digitalisation of the tourism experiences as valuable tools to minimize environ-
mental negativities, to promote mechanisms to access green markets and to frame successful synergies.
Contents
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2. Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1. Literature search strategy and inclusion criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2. Analysis of LCA study findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3. Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.1. Mapping of the studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2. Time evolution of the studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.3. Characterisation of the studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.4. Monocriteria vs multicriteria approaches in sustainable tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4. Implementation of sustainable tourism: eco-labelling initiatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
5. Challenges and recommendations for the tourism sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
CRediT authorship contribution statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Declaration of competing interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1. Introduction

Tourism is one of the most important sectors in the global economy,
accounted for 10.4% of global gross domestic product (GDP), which repre-
sents 319 GDP and 319 million jobs, approximately 10 % of total employ-
ment in 2018 (World Travel and Tourism Council (WTTC), 2021). This
economic activity has been growing steadily over the recent decades and
whose pre-COVID forecasts for the coming years predicted a strengthening
of this trend (Raggi and Petti, 2006). In fact, international tourist arrivals
reached 1.4 billion in 2018 with an increase of 5 % compared to 2016
(UNWTO, 2019b).

However, this growth has been interrupted by the COVID-19 pandemic.
Over the past 40 years, the world has experienced a series of major
epidemic-pandemics, but none of them has had similar consequences for
the global economy as the current sanitary issue. TheWorld Tourism Orga-
nization (UNWTO) reported that COVID-19 is the worst shock to interna-
tional tourism since 1950, and it represents the abrupt end of a 10-year
period of continuous growth for the tourism sector (UNWTO, 2021c).
Consequently, 2020 and 2021 have been the worst years on record for
tourism by the pandemic, facing a decline in international tourist arrivals
during 2020 of between 58 % and 78 % regarding 2019, with a drop in
direct tourism employment of between 100 and 120 million people. In
addition, in 2020 international tourism profits fell by 64 % in real terms
(local currencies, constant prices), equivalent to a decrease of more than
USD 900 billion, and a total loss of international tourism export earnings
of almost US$ 1.1 trillion. Despite all this, one positive outcome of the pan-
demic crisis was a reduction in emissions and improvements in air quality.
The last information of the sector denoted that between 2009 and 2013, the
global Carbon Footprint (CF) of tourism increased from 3.9 to 4.5 Gt of CO2

eq., and this growth accounted for around 8 % of global carbon emissions
(Lenzen et al., 2018). Nevertheless, in the COVID period, the global carbon
emissions in 2020 are estimated to have fallen by 8 % respect 2019
(International Energy Agency, 2020).

Therefore, the need to reach a sustainable tourism remains indispens-
able for the sector to continue to grow towards international targets that
aim to carbon neutrality by 2050 (World Tourism Organization and
International Transport Forum, 2019). According to United Nations Envi-
ronment Programme (UNEP) and UNWTO, sustainable tourism is ‘the devel-
opment of tourism activities with an appropriate balance between
environmental, economic and sociocultural dimensions to ensure their
long-term sustainability’. Furthermore, it should satisfy the needs of
2

existing tourists and destinations, while providing opportunities for further
development in the future, as well asmaintaining heritage integrity, ecolog-
ical integrity, biological diversity and livelihood system. A holistic balance
between three dimensions (environmental, economic, socio-cultural) must
be considered to achieve globally accepted sustainable tourism, so as to en-
sure the short and long-term sustainability of the tourism sector in the face
of climate change (Pan et al., 2018).

Furthermore, sustainable tourism could play an important role in estab-
lishing an integrated approach to policy, regulation and management of
tourism development, thus providing ways to ensure positive benefits
(Bramwell and Lane, 2012) and to adapt tourism activities to climate
change (Weir, 2017). Since the late 1980s and 1990s, efforts have been
made to introduce the term sustainability in the field of tourism. At interna-
tional level, in 1996 UNWTO and the WTTC and the Earth Council (EC)
created the Agenda 21 for Tourism and in 2012 the document ‘The Future
We Want’ was developed in the Rio + 20 Conference aimed to show the
role of tourism in the transition to a green economy in the context of
sustainable development. Currently, the 2030 Agenda for Sustainable
Development and the Sustainable Development Goals (SDGs) promotes
responsible, sustainable and accessible tourism for everyone. Tourism con-
tribute to all of the goals but in particular, it has been included as targets in
goals 8, 12 and 14 on inclusive and sustainable economic growth, sustain-
able consumption and production (SCP) and the sustainable use of oceans
and marine resources, respectively (UNWTO, 2021a). Moreover, as recently
UNWTO-UNEP-World Meteorological Organization (WMO) claim, the tour-
ism sector has an important place in the framework of the Kyoto Protocol
due to its global economic and social value, whose role in sustainable devel-
opment is linked with the climate (UNWTO, 2008). At European level, the
European Union (EU) strategy on sustainable tourism (2020/2038 (INI))
sets out the different measures for the benefit of the tourism sector towards
the transition to sustainable, responsible and smart tourism based on local
craft activities, agro-tourism, rural tourism and ecotourism (European Par-
liament, 2021). Finally, the European Commission propose to create a com-
munication campaign focusing on travel and sustainable tourism through an
‘EU tourism brand’ that promotes to travel in the EU and to restore citizens'
confidence in travel and tourism during the sanitary crisis. There are strate-
gies at national level as well, such as the Spanish Sustainable Tourism
Strategy 2030, which aims to transform Spanish tourism into amodel of sus-
tained and sustainable growth that will enable to maintain its position as a
world leader. It seems that the COVID-19 is accelerating the process of its ap-
proval and 850 million euros will be allocated to promote the sustainability
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and digitalisation. This strategy will contribute to improve the differential
natural and cultural values of destinations (Ministry of Industry, Trade and
Tourism, 2019).

The transition to a more sustainable tourism needs the quantification of
its environmental performance. Thus, emphasis has been given to existing
research on the environmental impacts of tourism (Barget and Gouguet,
2012). Recently, researchers, organizations, policy makers and others are
striving to develop concepts and metrics that measure environmental sus-
tainability, in particular, on climate change, which has recently become a
key issue on the international tourism policy agenda.

Among these concepts and metrics, Life Cycle Assessment (LCA) is a
tool for quantifying the environmental impacts of a product, process, or
service over the course of its entire life cycle. This tool could provide a
consistent analytical framework and environmental data support for
decision-making, allowing for the development of sustainable solutions
to global tourism challenges and the promotion of mechanisms that
allow different tourism services to access green markets (Puig et al.,
2017). LCA has demonstrated its efficacy in identifying opportunities
for improving environmental performance and defining sustainability
strategies for a variety of industries, including tourism and individual
tourism events (Michailidou et al., 2016b). From all the environmental
indicators and impact categories, Global Warming Potential (GWP) has
been widely analysed, being used as a proxy for the entire set of impact
categories. In fact, the analysis of this impact thought the CF indicator,
which can be evaluated using the LCA approach, has nowadays its own
set of standards, such as ISO 14067: 2013 (ISO 14067, 2013).

In view of the methodological advantages of the LCA concept, which in-
clude several impact categories or environmental indicators, there is a clear
need for more research on tourism impact assessment, which would be
based on life cycle considerations (Filimonau, 2016). Fig. 1 displays the
conceptual aspects required for achieving sustainable tourism (and the
existing policies and strategies) as well as the carbon emissions associated
with tourism before and after the COVID-19 pandemic.

In this context, the main objective of this paper is to review the studies
based on LCA in order to determine themain progress and challenges in the
application to the tourism sector. We analyse the main stages of LCA pro-
posed by the ISO 14040 that includes: i) definition of the goal and scope;
ii) life cycle inventory (LCI); iii) life cycle impact assessment (LCIA); and
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iv) interpretation. This study allows the evaluation of the main problems
in LCA modelling and the identification those tourism studies that despite
of conducting an environmental analysis employ other tools or do not
specify clearly the procedure.

Additionally, as tourism has an important contribution to global carbon
emissions, the review has included a search of studies that use the global
warming indicator or the Carbon Footprint. However, as COVID-19 has
reduced the GHG emissions of the sector, we have reviewed the scientific
literature that analyse the influence of the pandemic on tourism. Moreover,
as sustainable tourism should consider the economic, social and environ-
mental issues, we have evaluated which papers provide a complete view
of sustainability. This includes a review of the application of mono and
multi-criteria methods.

Finally, the paper seeks to help to LCA practitioners in the use of this
tool, providing the guidelines to conduct an environmental analysis of the
main activities of tourism. In this context, different tools such as ecolabels
and environmental certifications are shown in order to understand better
the implementation of these environmental measures in tourism.
2. Materials and methods

2.1. Literature search strategy and inclusion criteria

This review seeks to address themost relevant studies in the last two de-
cades (2004–2022) based on LCA with the purpose of assessing environ-
mental impacts and achieving global sustainable tourism. Searches of
different sources of scientific literature, books and reports were included.
This includes Scopus database and Google Scholar and other tourism sector
specific databases such as the UNWTO. The review excluded studies that
did not address tourism and that did not apply LCA. Also, they were ex-
cluded those articles dealing with social issues, as tourism hospitality
(Chan and Hsu, 2016), sustainability of cities (Eluwole et al., 2020) or stud-
ies focused exclusively on tourist data (Pan et al., 2018). In the same way,
they were discarded studies that used LCA but they are focused on other
sectors such as transport or buildings (König et al., 2007), or on other
aspects like the use of plastic bottles in different cities (Foolmaun and
Ramjeeawon, 2012).
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For the bibliographic search, a classification of the documents was
made by considering the LCA approach in the tourism sector. Furthermore,
the CF was considered as an environmental indicator due to its wide use in
this field, as well as, the influence of COVID-19. Fig. 2 shows an overview of
the steps to identify and classify the studies.

Firstly, a global search using both LCA and CF associated with tourism
was carried out and 142 articles were found, but only 24 of themwere con-
sidered. The rest were excluded because they covered tourism-related
topics, but with other types of methodologies such as the DIM (Diagnosis-
Implementation-Monitoring Model). Subsequently, articles focusing only
on LCA associated with tourism were evaluated. A limited number of LCA
case studies in the tourism sector have been found in the literature. For
this purpose, it was chosen those articles that included the terms ‘LCA’ or
‘Life Cycle Assessment’ in the abstract, keywords or title. A total of 31 pa-
pers were found in the Scopus database, but only 15 were included, as
the rest of the articles were not within the defined scope or they presented
other objectives than assessing the impacts associated with tourism. The
same procedure was then followed for the CF and definitely, 115 articles
were obtained. However, only 33 of them were considered since the rest
of the articles were focused more on financial and social issues in the tour-
ism sector and not on CF. In summary, a total of 72 (22+ 15+ 33) papers
related to the LCA and CF of tourism were evaluated. The next step was to
make a search of the tourism sector and both terms, LCA and CF, used in as-
sociation with COVID-19, in order to find out the current state of the sector
from an environmental point of view. In this case, reports from interna-
tional governmental organizations, such as UWTO and the UN, were
analysed. A total of 6 documents were included in the review, 5 of them
conducted in Europe, and the other one in Latin America. Also, 19 articles
were found but only 4 of themwere included because the rest were focused
on economic or social losses due to the health crisis and not on environmen-
tal issues. Therefore, based on the LCA, CF and COVID-19 issues, a total of
83 documents (77 articles and 6 reports) have been studied in the review.

2.2. Analysis of LCA study findings

Each article of this review was assessed independently to identify the
objective, the methodology and the conclusions. The following characteris-
tics were analysed in each article: scope of the study that includes the life
cycle inventory, functional unit (FU) and the system boundaries which
leads to a delimitation of the different processes of the system under
Bibliographic search in Scopus

“LCA” OR "Life Cycle Assessment*" AND
"Tourism“

"Carbon footprint" OR "CF" AND "Tourism“

LCA OR "Life Cycle Assessment*" OR "Carbon
footprint" OR "CF" AND "Tourism“

TOURISM AND ENVIRONMENTAL IMPACT 
ASSESSMENT TOOLS/INDICATORS

Articles identified by means 
database searching: n=31

n=15

Articles identified by means 
database searching: n=115 n=33

Articles identified by means 
database searching: n=142 n=24

Total documents included: 72

Fig. 2. Schematic diagram of the steps f
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examination (ISO 14044, 2006). Also, it was considered the tools and the
impact method used and impact categories and environmental indicators
studied. According to De Camillis et al. (2010a), these characteristics
should be considered when developing this type of studies (Fig. 3).

Fig. 3 details the 6 characteristics analysed:

i) LCI includes primary or foreground data, and secondary or background
data. Primary informationwas obtained in themost studies through im-
plementing questionnaires (Puig et al., 2017). Secondary data come
from publications, open literature, databases such as Ecoinvent, LCA
libraries and tourism statistics office (Candia and Pirlone, 2022).

ii) The choice of system boundaries so as to determine which process units
will be included in the LCA study (ISO 14044, 2006). There are three
options in this case: a) to consider stages from raw material extraction
to transport use, accommodation, restaurants and leisure activities
(Sharp et al., 2016), b) apart from the above, to examine the final dis-
posal of waste (Hu et al., 2015) and c) separate systems such as air
transport used in tourism, hotels as an example of accommodation, res-
taurants or sport tourism as a leisure activities. The first two options
consider a complete travel package while the third one examines only
one of the sectors.

iii) The selection of the FU, which is the reference unit on which all inputs
and outputs of the system are based (ISO 14044, 2006). The FU for
transport in tourism and tourism activities are well established and
they can be defined as ‘1 passenger per kilometre driven’ and ‘1 visitor
activity performed’ (Filimonau et al., 2013). However, for a hotel stay,
no consensus has yet been reached.

iv) The tools analysed in the articles were the LCA, LCEA (life cycle energy
analysis) and LCA-IO (input-output life-cycle assessment), since the aim
of the study was to examine studies using the LCA tool in tourism. Each
of these tools has an impact method.

v) The fourth point consider the impactmethod applied. There are several
methods for the IO-LCA, LCEA and LCAof tourism. For thefirst one, the
method used was the Inputs-Ouputs Tables (IOTs), for the second tool,
the CML 2001 was the most used and finally, for the LCA, CML-2001
and ReCiPe developed by the University of Leiden stand out. Both
method groups life cycle inventory (LCI) results into midpoint catego-
ries by themes (e.g. climate change or ecological toxicity). The second
one considers 18 midpoint indicators and 3 endpoint indicators
(Chaiyat et al., 2020). Other important methods are the Eco-Indicator
TOURISM DEVELOPMENT (LCA AND 
CF) AND COVID-19

Bibliographic search in Scopus

LCA OR "Life Cycle Assessment*" OR
"Carbon footprint" OR "CF" AND
"Tourism“ AND “Covid-19”
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International REPORTS

Total documents included: 11
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99 developed by PRé Consultants that considers the environmental
damage in human health, ecosystem quality and resources (Solé
et al., 2018); or EDIP 1997 developed by the Institute for Product De-
velopment (IPU) at the Technical University of Denmark that uses a
midpoint approach. Finally, AWARE is a consensus-based method de-
velopment to assess water use in LCA, developed byWULCA, a working
group of the UNEP SETAC Life Cycle Initiative (Santana et al., 2019).

vi) After the selection of themethod, themost appropriate and relevant en-
vironmental indicators must be set. A large amount of studies use the
CF indicator tomeasure total GHG; the water footprint (WF) that calcu-
lates the volume of fresh water (in litres or cubic metres) used through-
out the entire production chain of a consumer item or service, or the
ecological footprint (EF), based on resource consumption and waste
production (Mancini et al., 2016). There are also other environmental
indicators such as the Tourism Environmental Composite Indicator
(TECI) that provides the basis for a mathematical comparative analysis
(Michailidou et al., 2015); the DEFRA (Food and Rural Affairs) that as-
sesses carbon impact appraisal in the majority of the UK-based carbon
calculators (DEFRA, 2008); and the eco-efficiency model, which used
for transforming un-sustainable development into sustainable develop-
ment. Specifically, the eco-efficiency calculation determines the ratio
between the value of products and the environmental impacts and
gives clear financial results (Gössling et al., 2005). Finally, Tourism
Satellite Account (TSA) is an indicator that measures Australian
tourism economic activity with data on GHG emissions to enable the
footprint to be constructed. These indicators are more specific
(in terms of the scope of geographical areas and tourism sub-sectors),
so the use of these indicators is more limited in the tourism sector.

Therefore, an LCA can included several impact categories. Impact cate-
gories include for instance, Global Warming Potential (GWP), stratospheric
ozone depletion, photooxidant formation (smog), EP, AP, water use, noise,
etc. The three main groups of categories are based on resource use, human
health consequences and ecological consequences (Pennington et al., 2004).
3. Results and discussion

3.1. Mapping of the studies

A total of 83 documents were reviewed; 77 articles related to the tour-
ism sector using LCA tool and/or CF environmental indicator, 5 articles ad-
dressing the situation of the tourism sector following these methodologies
during the COVID-19 crisis and 6 reports. This section presents the analysis
5

of the studies: i) geographical distribution, ii) temporal evolution, iii) char-
acterisation of the LCA studies and iv) the main conclusions and decisions.

Fig. 4 shows the location of the research institutions of the studies. All
articles were included in this figure, except the article by Lenzen et al.
(2018) because it refers to large regions rather than specific countries.
The reports were also not included in the figure for the same reason. The
coloured areas illustrate the territories where LCA and CF studies were con-
ducted. Studies addressing the development of LCA tool focused on Asia
(50 %), Europe (43 %) and Oceania (7 %), whereas any study was found
in Africa. As a general pattern, the studies were conducted in developed
countries, with a low contribution of developing and non-developed coun-
tries. Most of the articles were developed by institutions from a particular
country, while 4 of them had international collaboration and involved re-
searchers from four or five regions, highlighting the great importance of
achieving global sustainable tourism. In the European context, Spain
ranks first in the dissemination of studies, producing or collaborating in
10 publications. Italy (6 studies), the United Kingdom (UK) (5) and
Greece (4) also played an important role in the evaluation of tourism. How-
ever, this is also paradoxical since the environmental impact of tourism is
not analysed in the markets with the greatest potential impact, such as
France, which is the world's leading tourist destination. Similarly, the
United States, which is the third largest tourist destination in the world,
does not present any of the studies on LCA in tourism (UNWTO, 2019a).

Regarding publications on the use of LCA tool and/or CF indicator in
tourism, almost all regions contributed to a greater or lesser extent to its de-
velopment.Most of the articleswere by authors from the samegeographical
area (with the exception of De Grosbois and Fennell, 2011; Juvan and
Dolnicar, 2014; Lenzen et al., 2018) who conducted studies in an interna-
tional context. China represented the region with the greatest impact in
this field, with 19 studies. In second place was Spain (9 articles), followed
by Australia (7), Italy (5) and the UK (5), which contributed significant re-
search in thisfield. Greece (4) and Japan (4) also presented articles focusing
on these tools for assessing tourism impacts. With a minor contribution, the
rest of the European countries, largely driven by Germany which partici-
pated in 3 studies, and followed by Austria (2), Portugal (2), Bulgaria (2),
France (1), the Netherlands (1), Slovenia (1), Norway (1), Iceland (1) and
Russia (1) played a role in the study of LCA and CF approaches in order
to achieve sustainable tourism. The influence of the Americas was very
low, with only the USA presenting 2 CF studies (focusing on air transport
and sports tourism) and 1 study in Brazil (also based on transport). The
rest of Asia contributed to a lesser extent than China, where Thailand pre-
sented 3 studies and Saudi Arabia (2), one of them highlighting pilgrimage
as religious tourism. Finally, in Oceania, besides the great influence of
Australia, New Zealand also participated in 3 articles focused on the calcu-
lation of the LCA. In Africa, no articles have been developed on this topic
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and this is because this continent is still in a development stage of using the
power of tourism to drive development and opportunities for all (UNWTO,
2021b). Moreover, due to the pandemic suffered in 2020–2022 this in-
equality has been aggravated in this continent. Therefore, it is expected to
cooperate and invest in African tourism so that it can develop this potential
in areas of West Africa such as Cape Verde (UNWTO, 2020a). After COVID-
19, Africa has suffered a 77 % drop in international arrivals compared to
2020 which was 74 % (UNWTO, 2021c), so the World Tourism Organiza-
tion is determined to help Africa return stronger, and to make tourism
emerge from this crisis as an important pillar of the economy, employment
and sustainability (UNWTO, 2020a). Hence, the lack of documents relating
to LCA and CF in these African regions may be due to the scarcity of re-
search on minimizing tourism impacts in this continent. In spite of the
fact that in developed countries the vision of sustainable tourism marked
by the 2030 Agenda and the SDGs ismore present than in developing coun-
tries, the health crisis affected more negatively than in continents such as
Africa: Asia and the Pacific suffered a 95 % drop in international arrivals;
the Middle East (82 %), Europe (77 %) and the Americas (68 %). Some
small islands in the Caribbean, Africa and Asia-Pacific, along with a few
small European destinations performed better in June and July 2021,
with arrivals close to or even higher than before the pandemic (Kitamura
et al., 2020c). Despite reducing GHG emissions in the post-pandemic tour-
ism sector, governments, non-governmental organizations and the private
sector can advise on the development of training programmes and informa-
tion systems, and help build capacity tomanage tourism (Moscardo, 2017),
as this industry is expected to grow at exponential levels in the coming
years (UNWTO, 2021c). Consequently, it is imperative to include environ-
mental impact assessment methodologies for all stages of this sector in
developing countries.

3.2. Time evolution of the studies

Fig. 5 illustrates the evolution of the studies over time 2004 to 2022.
The starting point is the first year with peer-reviewed articles on tourism
and LCA (De Camillis et al., 2010a). It can be seen that very few articles
have been developed during the period (2004–2010). However, the devel-
opment of LCA has progressively increased, presenting a greater constancy
6

and periodicity over the years, highlighting the year 2010 with 6 articles;
2016, with 7 publications and 2020, with 15. The year 2021 presents 5 ar-
ticles and in 2022 (until May 2022) there were 3 articles but an increase in
publications is predicted with respect to 2020 given the growth of the sec-
tor and the concern to reduce its negative environmental impact. On the
other hand, an increasing number of publications addressing LCA in tour-
ism was observed in the period (2017–2022). Of the 74 articles in total
about tourism, the 94 % of them were from the last decade (2010−2022).

This is evidence of the great concern and awareness in the sector, with
the pandemic serving as a turning point to achieve carbon emission reduc-
tions associated with this large industry. In the period 2020–2022 publica-
tions have started to increase as the UNWTO began to stand out concerns
about emissions associated with the tourism sector. As the number of pub-
lications began to increase from 2020 onward, it can be suggested that
these initiatives influenced the development of several studies around the
world.

3.3. Characterisation of the studies

This section summarizes the main characteristics of the articles on
tourism included in the review. For this purpose, a literature review of
most relevant articles (27) has been conducted on the LCI, system
boundaries, functional unit, environmental methods and impact catego-
ries and the influence of the COVID-19 in tourism (Table 1). The rest of
the articles (50) were shown in Table S.1 in the Supplementary Material.

According LCI, On the one hand, for all articles, primary information
was obtained through the application of questionnaires. On the other
hand, in most of the studies (almost 92%), secondary data came from data-
bases such as Ecoinvent and Agribalyse and tourism statistics offices (Puig
et al., 2017).

The system boundaries were quite similar in almost all case studies,
although the number of stages included varied depending on the objective
of the study: in some articles, only transport was considered (Gühnemann
et al., 2021) or more specifically, air transport (Dorta et al., 2021). How-
ever,most of the articles analyse transport, accommodation and restaurants
together to provide a more global view of the sector (Cadarso et al., 2015).
Also, there was a wide variety of studies that take into account the stage of
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wastemanagement (De Camillis et al., 2010b) and leisure tourism activities
(Rico et al., 2019).

Regarding the type of FU, in general, it was observed that most authors
use ‘per guest night’ or ‘per trip’ because accommodation is one of the most
common sectors analysed in tourist trips (Baumber et al., 2021). However,
this depends on the tourism function performed and the process units con-
sidered. Other studies have even used ‘1 m2 of the hotel floor area’ if the
study focuses on the constructionmaterials of a building and the techniques
used (König et al., 2007). In other cases, the FU was not clearly specified
(‘Not clearly defined’) even though the function of the system was well de-
fined (Cadarso et al., 2015).

In terms of the type of the methods used, the same trend was generally
observed across the studies (Filimonau et al., 2011a). Most of the works are
based on the CML 2001 (Puig et al., 2017)method and the Eco-Indicator 99
(Michailidou et al., 2016b), thus demonstrating that these are two of the
most commonmethods in LCA in tourism sector. Others authors use ReCiPe
(Chaiyat et al., 2020), EDIP 1997 (Cerutti et al., 2016) and AWARE
(Santana et al., 2019) but to a lesser extent.

According to the environmental indicators and impact categories it was
observed that the CF indicator (77 % of the studies) (Rico et al., 2019) and
the GWP (100 %) (El Hanandeh, 2013) were undoubtedly the most used.
This confirms the existing nexus of LCA-CF-GWP in studies that assess the
environmental impact of the tourism sector. Other authors have used
other methods to evaluate the environmental impacts of tourism such as
De Camillis et al. (2012) who used the EF. For instance, WF indicator is
not common for tourism studies as only one author has used it to analyse
the economic, carbon emission, and water impacts of Chinese visitors to
Taiwan (Sun and Pratt, 2014). Filimonau et al. (2013) uses another envi-
ronmental indicator such as DEFRA, in order to measure the CF of fuel con-
sumption in transport and energy use in buildings, such as tourist
accommodation facilities. Similarly, the model of Gössling et al. (2005)
studies the eco-efficiency of tourism so as to estimate the CF of tourism
transport and hotels. Other case study used the TECI to compare typical
all-sized hotel categories in terms of their combined environmental pres-
sure (Michailidou et al., 2015). Finally, from an economic point of view,
Rosselló-Batle et al. (2010) used unusual methods such as TCQ2000 (Cost
Estimates and Technical Conditions) and TCQGMA (Module for Environ-
mental Management). These models provide the amount of materials, en-
ergy consumption, carbon emissions and waste generated, based on
information provided by specific measurements. Other authors like
Dwyer et al. (2015) used TSA in order to assess the economic impact of
an accommodation, transport and leisure activities in an Australian tourist
destination. In terms of impact categories, all the studies reviewed used the
7

GWP. Some authors also used more impact categories (TETP, FOP, MAETP,
FAETP, HTP, EP, AP, etc.) for a more comprehensive study, such as
Michailidou et al. (2015), Maugeri et al. (2017) and Candia and Pirlone
(2022), among others.

Finally, it is important to highlight that after the COVID-19 in 2020,
tourism has suffered a major change in all three aspects of sustainability
(social, economic and environmental). The decline in revenue and the
nearly drastic reduction in flights and travel has caused a major socioeco-
nomic loss, which is intended to be recovered from 2022 onwards. How-
ever, despite the negative socioeconomic point of view, it has also had a
positive impact from an environmental perspective where CO2 emissions
have been reduced by a large percentage (UNWTO, 2021c). Therefore,
5 studies examined the COVID-19 in tourism using LCA and CF indicator,
in which a large reduction of CO2 emissions was observed (Baumber
et al., 2021; Dorta et al., 2021; Gühnemann et al., 2021; Kitamura et al.,
2020; Candia and Pirlone, 2022).

In summary, most of the articles addressed the stages of accommoda-
tion, restaurants and transport in the study phases of the tourism sector.
The FU ‘Per guest night’ or ‘per visitor’ tends to be the most common,
although it changes according to the scope of the study. It should also be
noted that the CF environmental indicator is the most common method
for assessing the environmental impacts of the tourism sector in LCA stud-
ies. This tool is increasingly growing in this field and is expected to be
widely used due to its great advantages over the other methods used to
date. Likewise, the most studied impact category in tourism is global
warming due to its direct influence on the sector. Finally, in the last year,
the impact of COVID-19 on tourism is being considered as a turning point
for implementing a sustainable tourism system that considers a reduction
in CO2 emissions.

3.4. Monocriteria vs multicriteria approaches in sustainable tourism

Tourism is a human activity that involves the economy, the environ-
ment and society. Therefore, the objective will be to find the optimal
compromise between environmental, economic and social variables in a de-
fined time and space. Without sustainable tourism, there is a risk of enter-
ing a vicious circle in which biodiversity is lost, jobs and wealth are lost
and there are demands in other markets (Pan et al., 2018). In the review
conducted in this paper, all the studies include the environmental variable
but not all of them consider the social and economic variable. For this
reason, it has been studied which articles consider the term sustainable
tourism when considering the 3 paths, only 2 of them or only the environ-
mental variable.



Table 1
Overview of LCA case studies in the tourism industry: geographic zone, system boundaries, functional unit (FU), impactmethod, environmental indicators and impact categories are considered. Also, the three dimensions (environmental,
economic and socio-cultural) of sustainability are also taken into account.

Reference Geographic
zone

Life cycle phases included in the
system boundaries

Functional unit Impact
method

Environmental
indicator/impact
categories

Environmental
impact

Economic
aspects

Social
aspects

Kuo and Chen (2009) Taiwan
(Penghu Island)

Transport, accommodation (hotel) and
recreation activities

‘Per tourist per trip’
or ‘per tourist per day’

Not clearly
defined

➔Ecological Footprint
(EF)
➔Water pollution (BOD)
Air pollution (CO2,
CO, HC, NOx)

☑ ☒ ☒

Filimonau et al. (2013) United
Kingdom

Air transport, Accommodation (hotel),
energy consumption in the hotel,
leisure activities

‘Per guest night’
(for energy consumption)
and ‘Per passenger-km’
(for air transport)

CML 2001 ➔DEFRA
➔GWP (CO2 eq.)

☑ ☒ ☒

Rico et al. (2019) Spain Arrival and departure transport,
intra-urban transport, accommodation
(hotel), leisure and professional activities

‘Per tourist day’ Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☒ ☒

Michailidou et al. (2016b) Greece Water and energy consumption,
accommodation (hotel) and the
transport of tourists from their
original place to the hotel and
their return

‘The environmental
loads of all tourists
visited one hotel in its
seasonal operation’

Eco-indicator 99
and CML2001

➔GWP (CO2 eq.) ☑ ☒ ☒

Cerutti et al. (2016) Italy Accommodation (holiday farm), food,
beverages, chemicals

‘1 Guest night’, ‘Earnings
of the owner’ or ‘The
whole farm’

EDIP 1997 ➔GWP (CO2 eq.) ☑ ☑ ☒

Puig et al. (2017) Spain Water, electricity and thermal energy
consumption and cleaning products;
accommodation services (hotel) and
municipal waste

‘A guest per overnight stay’ CML 2001 ➔GWP (CO2 eq.) ☑ ☒ ☒

Michailidou et al. (2015) Greece Departure, stay in the tourist
destination and return. Transport
to the hotel, accommodation
services and transport back
home, water consumption, waste
water and other wastes (aluminum,
cardboard, glass, Polyethylene
terephthalate (PET), Polypropylene
(PP), other plastics)

‘An overnight stay
of one guest with
breakfast and car-parking
services included’

CML 2001 ➔TECI
➔GWP, TETP, FOP, ODP,
MAETP, HTP, FAETP, EP,
AP, Abiotic Depletion,
Radioactive radiation

☑ ☑ ☒

De Camillis et al. (2010b) Italy Service provision (check-in, stay-room
use, check-out) and end of service
(external laundry, waste treatment,
transport)

‘One night's hotel stay
in a standard room’

CML 2001 ➔GWP (CO2 eq.) ☑ ☒ ☒

El Hanandeh (2013) Saudi Arabia
(La Mecca)

Transport, meals, hotel stay and waste
management

‘1 pilgrim day’ Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☒ ☒

Hu et al. (2015) Taiwan Service provision (check-in, stay-room
use, check-out) and end of service
(external laundry, waste treatment,
transport)

‘One night's hotel stay
in a standard room’

Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☒ ☒

König et al. (2007) Portugal Building material: Outside walls,
windows and doors, inside walls
and doors, ceilings and staircases, roofs

‘1 m2 of outside wall’ Not clearly defined ➔LEGEP
➔GWP (CO2 eq.),
AP (SO2 eq.)

☑ ☒ ☒

Kitamura et al. (2020c) Japan Transport, accommodation (hotel),
food and beverage (restaurant services),
leisure activities (souvenirs, tour
operators and shopping)

‘Per traveler per year’ Input-Output Tables ➔GWP (CO2 eq.) ☑ ☑ ☑

Rosselló-Batle et al. (2010) Spain Construction materials, electricity,
propane gas and gas oil consumption
and waste

‘Per m2’ or ‘Per kWh’ Not clearly defined ➔TCQ2000 and
TCQGMA
➔GWP (CO2 eq.)

☑ ☒ ☒
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Pereira et al. (2017) Brazil Road and air transport (car, inter-city
bus, airplane, rail)

‘A return weekend
journey between Rio
de Janeiro and São
Paulo made by one
traveler with tourism
and leisure purposes’

Not clearly defined ➔EF
➔GWP (CO2 eq.)

☑ ☒ ☒

Filimonau et al. (2011b) United
Kingdom

Laundry, breakfast, hotel construction,
energy production and distribution

‘1 m2 of the hotel floor
area’

CML 2001 ➔GWP (CO2 eq.) ☑ ☒ ☒

Díaz et al. (2019) Spain Electricity and water consumption
of the hotels

‘Person night’ or ‘For
hotels with external
water distribution’

Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☒ ☒

Dorta et al. (2021) Spain Air transport ‘Per capita per air route’ Not clearly defined ➔GWP (CO2 eq.) ☑ ☑ ☑

Gühnemann et al. (2021) Austria Transport (car, plane) Not clearly defined Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☑ ☑

Baumber et al. (2021) Australia Electricity consumption, gas use,
life cycle emissions from Sydney
water's water supply and treatment,
and methane and other emissions
from waste sent to landfill

‘Per-customer’, ‘Per
guest-night’

Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☑ ☑

Maugeri et al. (2017) Italy (Sicily) Transfer to the hotel (gasoline, oil
and tire), consumption of methane gas,
consumption of energy (during the
stay at the hotel-accommodation),
consumption related to the toilet
breakfast and air emissions, water
emissions and solid waste

‘Trip and overnight
stay in a hotel during
mid-season with the
arrival and departure of
the tourist at Fontanarossa
Airport in Catania, Sicily’

Not clearly defined ➔GWP (CO2 eq.),
Natural Resources
(habitat, water,
fossil fuels, minerals,
biological resources),
Smog ODP, ADP, EP,
HTP, TETP

☑ ☑ ☒

Cadarso et al. (2015) Spain Air transport, accommodation (hotel)
and restaurants

Not clearly defined Input-Output Tables ➔GWP (CO2 eq.) ☑ ☑ ☑

Michailidou et al. (2016a) Greece Accommodation (hotel), transport
(especially air one), energy and water
consumption and waste

‘Per guest night’ Eco-indicator 99
and CML 2001

➔EF
➔GWP (CO2 eq.),
Abiotic depletion,,
ODP, HTP, FAETP,
MAETP, TETP, ADP,
EP, FOP

☑ ☒ ☒

De Camillis et al. (2012) Italy Transport passengers from home to
the departure airport and vice versa,
airport services, flights, accommodation
and other leisure activities

‘Per study
group per package
holiday’

Not clearly defined ➔GWP (CO2 eq.) ☑ ☑ ☑

Luo et al. (2020). China Tourism catering, leisure activities
(sightseeing, shopping), ecological
toilets and trails, vegetation damage
area and solid waste

‘Per tourist consumption
of food’

Input-Output Tables ➔CF
➔GWP (CO2 eq.)

☑ ☑ ☒

Candia and Pirlone (2022) Italy Origin-destination Transport,
Accomodation, service/resources
(local transport water, waste, energy),
leisure activities

‘One person spending
3 days’ holiday inside
the Cinque Terre
National Park’

Not clearly defined ➔GWP (CO2 eq.),
abiotic depletion,
fossil fuels, ADP,
EP, FOP, ODP

☑ ☒ ☒

Retno Susilorini et al. (2022) Indonesia Rural household- solid waste-inorganic
and organic

‘Per kg of solid waste
produced by visitors,
population, and buildings’

Not clearly defined ➔CF
➔GWP (CO2 eq.)

☑ ☒ ☒

Rodríguez-Pérez
et al. (2022)

Spain Water-energy
consumption
and waste in
rural houses

‘Per year’ Input-Output
Tables

➔CF
➔EF
➔GWP (CO2 eq.)

☑ ☒ ☒
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Firstly, of the 77 articles based on LCAmethodology, 4% considered the
social and environmental variables; 21 % considered all three dimensions;
31 % studied the economic and environmental variables; and 44 % of the
studies examined only the environmental variable. Authors such as Hares
et al. (2010) and Greiff et al. (2016) explored tourists' awareness of the im-
pacts of travel on climate change (social), they examined the extent to
which climate change features in holiday travel decisions (environmental).
Moreover, Wicker (2018) who estimated the annual Carbon Footprint of
active sport tourists caused by snow-sport-related travel in Germany, and
Cadarso et al. (2016) who calculated the CO2 emissions of an example of
the Spanish tourism sector were 2 of the 16 studies that considered the
social, economy and environmental aspects of tourism. Other authors as
Scheepens et al. (2016); Cerutti et al. (2016) and Sun et al. (2019) consid-
ered both economic and environmental perspective. Finally, El Hanandeh
(2013); Hu et al. (2015); Santana et al. (2019) and Sharp et al. (2016)
were 4 of the 34 studies that considered the social, economy and environ-
mental aspects of tourism. Considering COVID-19 issue, of the 5 articles ex-
amined, 4 of them had a sustainable tourism vision (Baumber et al., 2021;
Dorta et al., 2021, Gühnemann et al., 2021; Kitamura et al., 2020), while
Candia and Pirlone (2022) only studied the tourism sector from an environ-
mental perspective.

In relation to the mono and multi-criteria approach (MCA), of the stud-
ies reviewed, 3 articles considered the social and environmental variable
together. Furthermore, 24 studies analysed the economic and environmen-
tal paths of the tourism sector. 34 articles only evaluated the environmental
aspect of tourism and finally, 16 works considered the three areas of
sustainable tourism (environmental, socio-cultural and economic), making
sense of one of the purposes of this review. All in all, 56 % of the articles
apply a MCA compared to 44 %, which use a mono-criteria approach.
This denotes the relevance of sustainability in tourism, which is expected
to grow in the coming years. Fig. 6 shows this previous description.
SUSTAINABLE 
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Fig. 6. Degree of implementation of sustainable tourism in the articles stud
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4. Implementation of sustainable tourism: eco-labelling initiatives

Environmental initiatives and instruments are currently being im-
plemented to create a new framework for sustainable consumption
and production in the travel and tourism sector (De Camillis et al.,
2012). ‘TravelLife’ is a sustainability management system that includes
an ecolabelling system for qualifying tour operators, such as hotels,
holiday destinations and restaurants. This system was founded in 2007
and was implemented in the framework of the European LIFE04 project
ENV/NL/000661 (TOURLINK, 2004). This initiative aims to demonstrate
the effectiveness of coordinating a better common branding of ecotourism
products in the supply chains of tour operators in Spain, the Netherlands,
the UK, Austria, Denmark and Sweden (TOURLINK, 2004). However, it
has limitations as it does not consider the transport stage in the manage-
ment system, it does not include greenhouse gas accounting and it is not
based on LCA. ‘Blue flag’ is a voluntary award for tourist destinations such
as beaches and marinas founded in 1987. It arose with the project ‘The
Foundation for Environmental Education in Europe’ (FEEE) and so far,
many countries and regions worldwide have achieved this certification:
Europe, South Africa, Morocco, Tunisia, New Zealand, Brazil, Canada and
the Caribbean (FEE, 2011). Despite being a great initiative, the criteria
are more related to quality issues and cover few tourism sectors.
‘TourBench’ is another free European tool that aims to reduce the environ-
mental impacts and organisational costs of tourist accommodation. It is
also part of a European project called LIFE03 ENV/NL/000473 that started
in 2003 (TOURBENCH, 2003). The ‘Biosphere’ tourism sustainability certif-
icate, which is awarded at both business and destination level, is currently
growing in Spain. It is a voluntary certification, for destinations, compa-
nies, establishments and tourism products, promoted by the Responsible
Tourism Institute (ITR) that recognises and certifies the tourism industry
that is committed to sustainable management (Biosphere, 2020).
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‘EcoPassenger’ is another online tool to compare energy consumption, CO2

and other atmospheric emissions of means of transport in tourism (planes,
cars and trains) for travelling in Europe (Knörr, 2008).

The implementation of ecolabels has a double impact for tourism busi-
ness and destinations. On the one hand, it has an internal impact by contrib-
uting to a more efficient use of energy and resources consumption, waste
management system and protection of natural heritage (e.g. biodiversity
and landscape). On the other hand, eco-labels serve as a marketing tool
by highlighting the values of the destination and acting as a sign of sustain-
ability and quality.

Also, environmental labels and tourism service declarations that con-
sider the LCA of tourism focusing on accommodation are now commonly
used. Most of them are ‘Type 1’ labels are characterised by their regional
scale (ISO 14024, 1999). Examples of these labels are ‘Viabono’, ‘Legambiente
Turismo’, ‘The Green Key’, ‘Milieubarometer’, ‘Ibex’, etc. (Sloan et al., 2009).
These labels sometimes have some limitations as despite being inspired by
LCA principles, no LCA study has yet been carried out to review the manda-
tory criteria of the eco-labelling scheme. The ‘EU Eco Label’ is another exam-
ple of a ‘Type 1’ environmental label (ISO 14024, 1999) for accommodation
and campsites (European Commission, 2009). In short, all these initiatives
can lead to sustainable tourism that makes optimal use of environmental re-
sources, respects the sociocultural authenticity of destinations and ensures
viable economic activities in the long term.

5. Challenges and recommendations for the tourism sector

The tourism sector is a very complex system that involves different sub-
systems: accommodation, restaurants, transport and leisure activities. The
LCA tool presents some shortcomings in tourism. On the one hand, it is
sometimes difficult to identify the boundaries of the system because of
the large number of tourism products. On the other hand, there is no spe-
cific database for the tourism sector currently, which makes data collection
in the life cycle inventory (LCI) a slow and difficult process. Finally, with
the LCA tool there are local and social problems that are not studied in de-
tail, such as landscape disturbances, destruction of flora or fauna habitat or
acoustic problems, among others (De Camillis et al., 2010b).

Nevertheless, the current LCA perspective in tourism has also contrib-
uted to tackle sustainability challenges from a life-cycle thinking approach
that has enabled to improve the environmental profile of the sector (Puig
et al., 2017). Hence, in order to consider LCA as an effective method for
tourism decision-making, it would be necessary to implement several im-
provement actions such as: i) tourism-specific databases to support and
save time in conducting LCI and ii) taking into account local environmental
and sociocultural issues. This integration would allow better planning and
management of the environmental performance of tourism destinations
and structures and the LCA could become a tool for responsible consump-
tion. Last but not least, LCA could also be used to achieve an environmental
improvement through eco-labelling systems, which are so extended in the
travel and tourism sector (Buckley, 2002).

Due to the exponential growth of the global tourism sector, its consump-
tion and the level of impact on the environment, it is needed an urgent re-
sponse to lead tourism towards a sustainable sector (Puig et al., 2017). This
transformation requires an interdisciplinary approach to its implementation,
such as international, national and local policies, investments in marketing,
communication and digitalisation, strong partnerships between governments
and tourism businesses, as well as the incorporation of environmental educa-
tion to increase awareness in society. It would also be important to promote
the motivation of green practices (efficient use of energy and water and inte-
grated waste management).

In recent years, it has been observed that neither responsible travel be-
havior nor technological improvements have been able to curb the increase
of the CF of tourism (Lenzen et al., 2018). Therefore, there are major chal-
lenges to achieve true sustainable goals. One of them focuses on the assess-
ment of policies and feedback systems that check the behaviors of tourism
businesses and tourists by means of generalised rules. Another challenge
is focused on the introduction of innovative technologies using hybrid
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renewable energy systems for tourism and it could also be linked to public
transport. In order to achieve sustainable mobility for the tourism sector,
it is required to improve existing public transport and to choose electric or
hybrid cars. Also, carbon taxes could be imposed on tourists driving their
own vehicles to ensure the use of public transport. These taxes could also
be applied to aviation services to curb the uncontrolled growth of
tourism-related emissions (Pan et al., 2018). However, low-carbon technol-
ogies and smart mobility management can improve the environmental per-
formance of tourism travel, but it will not be enough to achieve the climate
targets of the Paris Agreement. To reduce significantly the GHG emissions
associated with travel, tourism can not only rely on technological solutions
(electric or hybrid vehicles) and social trends of vehicle sharing, but must
also initiate a switch from air and private road transport to rail and public
transport. The awareness created by theCOVID-19 crisis and the climate cri-
sis can be considered an opportunity to take these measures (Gühnemann
et al., 2021).

Finally, the COVID-19 pandemic has caused unprecedented socio-
economic impacts and at the same time, it has demonstrated the crucial
role that sustainability plays in societies. Travel restrictions and a heavy
fall in demand for tourism services have caused that tourism-related
businesses to face large economic falls and, even, the closure of many
of them in the absence of government support (Khalid et al., 2021).
Against this background, tourism-dependent countries should establish
the necessary conditions for the domestic tourism sector to serve as a
buffer for the whole industry, instead of depending as much on interna-
tional tourism. Furthermore, in the post-COVID-19 period, it is expected
that a sustainable recovery of the economy (economic recovery), the
health of society and the environment (reduced level of GHG emissions)
will be achieved for both tourism stakeholders and society (Kitamura
et al., 2020).

After the health crisis, tourism faces the greatest challenge in a genera-
tion to improve and recover the sector. The speed of change that the tour-
ism sector is undergoing globally means that the current processes of
scientific production and innovation must be accelerated. For this reason,
the Smart Destination Platform is being developed, which aims to support
the digitalisation of the tourism experience and service integration,
connecting tourists, destinations and businesses and serving as a digital
ecosystem for “Smart Tourism Destinations” (STD) (Shafiee et al.,
2019). In short, the creation of synergies and combined actions under
the STD model and the STD Network is needed in order to develop the
capacities and opportunities detected after the Post-COVID period. It
is also necessary to improve the availability of information in the differ-
ent areas of tourism R + D+ i, so that the innovative nature of the sec-
tor and the specific needs of its companies and destinations can be better
understood. In this way, LCA could help to implement digitalisation in
the tourism sector.

At the same time, the COVID-19 pandemic has made more complex the
sustainable use of plastics in many tourism destinations and enterprises.
Due to inappropriate disposal and management of plastic waste (gloves,
masks and hand sanitizer bottles), an invasion of this waste has already
been reported in the natural environments of major tourist destinations,
leading to a loss of natural heritage. In the face of this major problem, cir-
cular principles such as reuse for single-use products offer credible alterna-
tive solutions such as an increased traceability. In this sense, innovation
continues to ramp up as the world seeks solutions to plastic pollution
where eco-labelling is essential to achieve this.

The implementation of these measures along the life cycle of tourism
activities implies significant changes in both companies' processes and
consumer behaviors. This requires developing public policies and regu-
lations fostering environmental sustainability, but also communication
campaigns aimed to persuade managers and tourists of the need of as-
suming the costs and drawbacks of environmental measures. In this
regards, the post-pandemic context is a great opportunity since con-
sumers are increasingly adopting and supporting pro-environmental
services and companies, even though their cost is higher. From the
side of companies, the growing environmental consciousness of
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consumers can be highlighted as a market reason to undertake the cost
and investments needed to offer a more sustainable service. In this con-
text, ecolabels and environmental certifications should become a key
tool to launch a signal to the market, highlighting the environmental
commitment of the company or destination (Martínez et al., 2019a,
2019b). Finally, the implementation of these environmental measures
should lead to an increase of residents' support to tourism development,
as they are fundamental for the sustainability of local communities. In
conclusion, reactivating tourism in a responsible way requires future
actions based on an approach to support governments, enterprises and
local communities to achieve sustainable goals in line with hygiene
and health protocols (UNWTO, 2020b).
6. Conclusions

The tourism sector faces a major challenge in reducing GHG emis-
sions due to the insatiable demand for travelling and the industry's de-
sire to stimulate that demand. In response, researchers, organisations
and policy makers are striving to develop concepts and metrics to mea-
sure environmental sustainability. Among those concepts and metrics,
LCA is one of the most promising tools that can solve some of the draw-
backs of existing environmental approaches and it has become a key
target for tourism, as shown by the growing number of studies on tour-
ism in recent years.

The review of the 83 papers (77 articles and 6 international reports)
showed that, since 2004, there has been an increase in the number of arti-
cles using LCA to assess the environmental impact of tourism. Since 2017,
there has been an exponential progression until now. In particular, 94 %
of the articles focusing on LCA are from the last decade. Furthermore, the
regions in which this methodology was considered were limited to devel-
oped countries, with a large proportion of studies focusing on Asia, with
the vast majority located in China, followed by regions in Europe and
Oceania, which gives an idea of the degree of concern and knowledge of
sustainable tourism and the LCA tool in these regions. Regarding the char-
acterisation of the systems, most of the articles addressed the accommoda-
tion, lunch and transport stages in the study phases of the tourism sector.
In addition, the most common UF in the studies was “Per guest night” or
“Per visitor”. It should also be noted that the CML 2001 was the most
used method and the CF was the most common environmental indicator
for assessing the environmental impacts of the tourism sector. Also,
GWP was the most studied impact category due to its strong influence
and importance in the sector. Moreover, in the last year, the number
of studies taking into account the impact of COVID-19 has increased
and is considered a turning point for the reduction of carbon emissions
for the integration of policies and strategies in the framework of sustain-
able tourism.

Answering to the broad paradigm of sustainability, this paper quantifies
the articles that consider the three dimensions of sustainability. Specifi-
cally, 21 % of the articles studied already apply the commitment between
environmental, economic and social variables that is optimal in a defined
space and time frame in order to achieve sustainable tourism as marked
by international institutions such as UNWTO and other governmental
entities.

Finally, this review also examines some of the strategies that are cur-
rently being implemented to achieve sustainability in tourism, such as the
use of eco-labelling, digitalisation and good practices by tourists. These
strategies will help both public administration and tourists to make more
sustainable tourism choices. Definitely, the awareness created by the
COVID-19 crisis and the climate crisis can be considered an opportunity
to take these measures.

Further work is recommended and it can be oriented to study in depth
the socio-economic variable of the tourism sector in order to have a more
detailed knowledge of the models used in these areas of sustainability.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2022.157261.
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