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1. Introduction

The concept of sustainability comes from the scientific literature that defines sustainable the

management of a resource if, being known his ability to play, is not exceeded in its exploitation

beyond a certain threshold defined critical natural capital [1].

In the past, economic growth has been achieved at the expense of natural resource depletion, without

stocks being allowed to regenerate. Ecosystems have been widely degraded and biodiversity has been

lost at an unprecedented pace [2,3].

In this sense, the concept of sustainability and development are not compatible with the degradation of

heritage and natural resources (non-renewable and potentially exhaustible), but also with concepts

mostly related to ethical and social values such as the violation of the human dignity and freedom, with

poverty and economic decline and the lack of recognition of the rights and equal opportunities [4,5].

The three basic components of sustainability are therefore:

- the ability to generate income and employment for the people's livelihood (economic
sustainability)

- the ability to generate conditions of human well-being, understood as the territory security, an
equal distribution of health and civil rights (social sustainability);

- the ability to maintain the same level of quality and reproducibility of natural resources
(environmental sustainability)
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The research on sustainability valorization led to the creation of models capable of evaluating,
represent and monitor sustainability. In this research model, economic, environmental and social
variables can be included, comparable in time and space [4,1].
The most important paradigm that includes all the three kind of sustainability variables is the life cycle
sustainability assessment, based on Life cycle approach.
The life cycle thinking considers every action of the process and reflects the acceptance that the main
social actors should not possibly limit their liability to those phases of the life cycle of a product,
process or activity in which they are directly involved. It expands the scope of their responsibility to
include environmental implications throughout the entire life cycle of the product, process or activity.
The Life Cycle Sustainability Assessment (LCSA) can be used for product/process or service
sustainability evaluation. The goal is to create a comprehensive tool to measure all dimensions of
sustainability whose output can be presented and understandable to non-experts in the field and
methodology [6].
In the economic life cycle based approach, a company designing a new product has to analyze the
consequences of his proposal in a wide range of issues, including the environment, business costs, the
benefits to the local economy in which the production will take place, the social rights of workers, and
so on. A multidisciplinary study is needed to follow this approach, falling within the broad discipline
of industrial ecology, which studies the links between natural systems and economic and industrial
activities [7].
Today, sustainability is, therefore, accepted by all the players in the market both as a guiding principle
for the development of public policies and business strategies. However, the biggest challenge for most
organizations remains the choice of the correct tools for its implementation, and above all, the problem
remains substantially its measurement and quantification in performance.

2. Methods: literature review

This paper identifies issues on environmental consideration of tourism performance. The tools for
sustainability assessment based on life cycle approach are argue with the aim to improve some current
methodologies application for environmental analysis, socio and economic evaluation of impact in the
cycle of the tourism activities. The literature quality of existing environmental appraisals in tourism
has often inadequately or not specified and has predominantly aimed to merely identify and list the
diversity of tourism environmental impacts with no in-depth evaluation of their consequences [8,9], or
to study tourist perceptions of tourism environmental impacts [10,11,12] or to examine the attitudes of
tourism businesses towards complex ‘“tourism—environment” interactions [13,14]. Attempts to
systematically evaluate the environmental impacts of tourism, and its contribution to climate change,
are limited to a small number of sustainability assessment tools [15]. In the interesting critical review
of method for climate change appraisal based on life cycle approach for tourism of Filimonau et al.
(2011) a classification of instrument for environmental evaluation of impacts has been presented.

3. Tourism sector sustainability: the scenario

Tourism is a very particular sector, characterized by the combination of actions and behaviors around
several areas: energy, agriculture, transport, services etc. This is the reason for the high sector’s
relationship with sustainability has gradually consolidated, given the increasing importance of
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consumption and its environmental impacts [16,17]. Tourism has been defined as ... the sum of the
phenomena and relationships resulting from travel and stay of non-residents...” [18].

In 2011, tourism contribution to worldwide Gross Domestic Product (GDP) is around 5%, whilst in
Italy the total contribution amounted to 10,3%. At the same time in 2005 the tourism sector was
significantly responsible for the human-induced climate change, accounting between 3,9 and 6% of
global CO; emissions. Due to its economic and environmental relevance is emerging worldwide the
necessity to develop strategies for the sustainability of the sector, focused on the reduction of
emissions from transportation and accommodation [19].

In many countries, tourism is a strategic national key sector. One of the consequences of its size is the
significant impact on the deterioration of environmental conditions. This can determine an hardship of
the same natural resources that determine tourist inflow. For countries like Italy, with a typical tourist
vocation, the challenge to build a sustainable tourism sector is essential to protect and preserve one of
the strategic variables of the economy. In this sense, many efforts have been made in order to identify
common tools to reduce the impact of tourist reception structures. This necessity is due to both the
requirements of preserving natural resources, often the center of touristic interest, and the general
increase in the demand for sustainability by the various categories of stakeholders. In fact, the interest
in sustainability is growing both at institutional and consumers level, whose choices to preserve the
environment are becoming critical variables [20].

Even if mass consumption is endangering the future of our world in many different ways - and tourism
has significantly contributed to this situation - tourism development can also bring extensive benefits
to society. In an attempt to promote sustainable practices, different kinds of eco-labelling have been
developed in this sector [21]. Sustainability appears to be a key business variable for tourism and for
this reason, it is a integrated part of business strategy of this market’s actors [22]. As evidence of this,
data on the European Regional Policy for tourism shows that, from 2007 to 2013, EU support for
tourism under Cohesion Policy amounting to more than EUR 6 billion is planned, (1,8% of the total).
EUR 3,8 billion is allocated for the improvement of tourist services, EUR 1,4 for the protection and
development of natural heritage, and EUR 1,1 billion for the promotion of natural assets. In addition,
support for tourism-related infrastructure and services can be provided under other headings, such as
innovation, promotion of small and medium-sized enterprises, information technology applications and
human capital [23]. An important number of sustainable transnational thematic tourism products and
services has being developed and has a great potential to contribute to tourism growth. Large number
of projects was funded to stimulate competitiveness in the European tourism sector and the European
Commission encourages diversification of the supply of tourist services and products. By supporting
projects promoting sustainable thematic tourism products, EU aims at trans-national cooperation with
regard to sustainable tourism, cheering an elevated involvement of small and micro enterprises and
local authorities and motivating competitiveness of the tourism industry by funds of an enhanced focus
on the diversification of sustainable thematic tourism products [24].

4. The sustainability Indicators

The sustainability indicators consider areas where economy-environment and society are weak. The
indicator is then, a parameter or a value that is derived from other parameters expressed by an absolute
index or aggregate. A good sustainability indicator must meet the following requirements for
effectiveness [4]:



1. Relevance: that show an aspect of the system that you need to know
2. Comprehensibility, even by non-experts
3. Verifiability, otherwise it cannot be credible
4. Representativeness: that is likely to prove difficult measures directly executable.
International Organizations, such as the UN or the OECD, have been working on sustainability since a
long time, but also the European Environment Agency that deal with the monitoring of environmental
phenomena and to design strategies for mitigation of impacts worked on the creation of indicators such
as HDI (Human Development Index) or the ones presented in the local Agenda 21, or the international
sustainability indexes, such as indices related to financial performance of sustainable businesses.
Both in management and environmental literature, three principles were however defined, related to
the sustainable management of resources [25]:
1. renewable resources utilization rates must not exceed their rates of regeneration;
2. emissions of pollutants shall not exceed the assimilative capacity of ecosystems;
3. non-renewable resources should be used in a "nearly sustainable" way, limiting the rate of their
use at the rate of creation of renewable substitutes.
The basic rules for the construction of good indicators have been defined by Opschoor and Reijnders
[26] according to which we must identify the main elements of natural capital and the corresponding
economic function. Selected elements that are important with respect to the possibility that threatened
the integrity of the resources themselves, determine the "threshold" values, based on the sustainable
management of resources, and contribute to the construction of indicators that reflect the actual
conditions of the environment, compared with the standards of sustainability.
At the moment the sustainability indicators that have been developed can be grouped into three
categories:
1. indicators of critical load and critical level;
2. socio-ecological indicators;
3. indicators for measuring sustainable development (SDR, Sustainable Development Records).
The use of sustainability indicators is affirmed at the international level (UN, OECD, EU) as a means
of reporting on the state of the economy or the environment, to clarify objectives and set priorities,
evaluate the performance of policies and monitoring progress towards sustainable development.
Among the sustainability indicators, a selection of “key indicators” should be identified to measure the
results achieved in terms of outputs.
These indicators are useful to represent, through the use of integrated evaluation tools sphere
environmental, economic and social order to measure the performance results. they are a tool for
decision support that facilitates the exchange of information and communicates the status of
implementation of the objectives and sustainable development strategies. The set of shared indicators
facilitates benchmarking between institutions and the spread of best practices.
Application to corporate management strategies for sustainability arise the phenomena of industrial
ecology (IE) and industrial symbiosis. The IE Concept refers to the metaphorical relation between the
natural and industrial ecosystem as a model for transforming unsustainable industrial systems [2]. The
IE aims to analyze systematic interactions between economic and environmental needs for structured
settlement and collective environmental problems. Industrial symbiosis refers to the network of
product, by-product and waste exchanges that reduce the ecological footprint of industrial areas.
The impact’s assessment approach based on the life cycle thinking (LCT) tries to identify the
improvements that could be made to goods and services, in the form of lower environmental impacts
and reduction of resources between all stages of the life cycle, analyzing the complex relations
between the technological system and the environment from cradle to grave. The "From Cradle to
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Grave" slogan summarizes the philosophy of the approach. Before being known and applied by the

methodological tool of Life Cycle Assessment (LCA), the methodology has taken several names
including "Cradle to Grave analysis", "Life Cycle Analysis", "Eco-balance", "Energy and
Environmental Analysis "etc. [27].

From the life-cycle approach birth, the paradigm of sustainability has evolved, contributing to what is
the current paradigm of global sustainability today. Rubik, in 2002 [28] theorized the transition from a
traditional paradigm of sustainability to what is now the modern paradigm, then recalled by Finkbeiner
et al. for carrying out the evolution of the life cycle [6].

The Life Cycle Sustainability Assessment (LCSA) is a framework of interdisciplinary integration of
different models rather than a model in itself: in fact, attempts of implementation actually concern the
selection of different models available, which usually occurs in the lens function of sustainability that
you want to achieve with a bottom-up approach [29].

Although this is fully compatible with the ISO assumed that "there is no single method for conducting
LCA" [30], it represents significant deviation from the classical LCA practiced until now, for the
extension to the economic and social impacts. Moreover, the same ISO 14040:2006 standard proposed
a new approach directed towards a three dimensional complementary model through the integration of
tools and techniques individually designed for the three spheres of sustainability.

The definition of LCSA is stated in the last report of the Life Cycle Initiative of 2011, “Towards a Life
Cycle Sustainability Approach”, in which it is defined as the approach to evaluation of all relevant
environmental, economic and social impacts and benefits in decision making the improvement of the
sustainability of a product through the entire lifecycle [31].

This idea is conceptualized through the general formula suggested by Walter Klopffer that correlates
the three techniques through the following relation:

LCSA =E-LCA + LCC + S-LCA

where E-LCA refers to the environmental life cycle assessment, LCC is the life cycle costing
methodology and S-LCA is social life cycle assessment. [32,6].

In the specific application of the methodology, which is still under development, some aspects seem to
be key points of departure for a correct analysis.

First of all, the need for a multi-criteria assessment regime. This scheme of analysis, in fact, allows the
evaluation of parameters through scales of values and indicators comparable between them. For an
analysis of this type, there is a level of global weighting, but rather there are at least two different
levels of weighing: between indicators of the same nature (e.g. environmental + economic) and
between the three different dimensions (environmental, economic, social) [6].

The trade-off between the three dimensions of sustainability must be approached with the utmost care,
in order to maintain a sustainable balance, and just that, turns out to be the main problem still not
resolved. The strands of thought are essentially two: the first part of experts who want to "weigh" the
three dimensions of sustainability in a single-score, and a part of scholars who are deeply opposed
[32].

In the first case, you are facing a new construction of the framework of the LCA which includes LCC
and SLCA in a single analysis, including additional impact categories in the inventory. The advantage,
in this case, is to have a single inventory of data and consequently of impact categories and a single
analysis model with objective and common purpose.

In the second case, the LCSA is based on three distinct assessments of the life cycle consistent with the
boundaries of the system, ideally identical, as in the general formulation, and composed of the three
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tools that reflect the three branches of sustainability. In the future, the three methods should be

standardized (as for LCA) or at least harmonized, performing a formal weighting between the three
pillars. The main advantage of this approach is its transparency and the reduction of subjective
assessments and even more advantageous is the absence of the possibility of compensation between
the pillars.

For the standardization purposes, the ISO seems to preponderate the latter case, leaving the three
analysis to be conducted separately even if a revision of the standard should not be excluded [32].

On the other hand, models of different nature for the resolution of the problem have already been
proposed. A model is suggested by the Research Group of The University of Stuttgart which adds to
the variables of life cycle engineering (environmental, economic and technological) the variable
“capital” or adding it as a fourth variable. Another understandable communication tool, even for non-
experts, is represented by the revision of "The Mixing Triangle" proposed by Hofstetter [33], through
the Life Cycle Sustainability Triangle or model of communication of the results proposed by
Finkbeiner et al. [6], and finally the model suggested by Calcas international project, coordinated by
ENEA with the aim of connecting the instruments of Life Cycle Thinking and make them more
consistent with the wider concept of sustainable development to define a "new LCA" that included all
variables [34].

5. Life Cycle Approach and Tourism: our model

The purpose of the application of LCT to tourist services can be: motivations of cultural, natural,
relaxation, sports and health, etc., push potential users to move towards a variety of locations that meet
their expectations [35].

LCSA application to services in general is more difficult than the one to products, by reason of the lack
of indicators.

Shared in fact is the integration of the standard model for the analysis of the life cycle with typical
indicators of the sector, such as for example, the evaluation of the load capacity, the time-space
concentration, the seasonal variability of the data, the risk that the attractiveness of a territory, directly
dependent on the quality of the environment, decrease gradually with the increasing of the influx of
tourists. Among the variables directly related to the life cycle instead, the integrated water cycle, water
supply, solid waste management, conservation of habitats and biodiversity are generally monitored[1].
However, the cases of LCA implementations are not so many in literature, and they are widely variable
in terms of the object of study, methodological choices and results. In particular, the objects studied
could be classified in a different manner, from a simple analysis concentrated on the service, to one
that takes into consideration mainly the buildings, up to one that have as an object of study the entire
tourism industry [35]

In literature, the low number of analysis may lead to different interpretations of the motivation of the
phenomenon; the main thing that stands out is the considerable difficulty in applying the Life Cycle
Thinking and the limited awareness of the potential of application of the methodology in the field. In
addition, the lack of data banks leads to a lack of consideration of the environmental impact of the
sector or under estimate the results of the application of the instrument to the sector [35,36,37].

The first applications of the methodology in the tourism sector dates back to the '90s, with the
implementation of LCA methodology to the Tour Operator by the UK CEED, who conducted the
analysis for British Airways Holidays (BAH). At a first step only the environmental impacts of major
destinations were detected, and only in a second phase the impact of the management of tourist
facilities was carried out [38,39,40].
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De Camillis et al. (2010) highlights the main differences between the analysis and consideration

concerning all questions relating to the application of the methodology in the field. In particular, it is
detected whether or not the conventionality of the analysis conducted in each study (based on
compliance with the standard ISO 14040), the different object of study and the objective of the
analysis, the clear definition of the functional unit [41].

Special relevant features assume the LCA conducted on hotels, in which the phases of the life cycle
have been defined basing on the life cycle of the building, and lead mainly to an environmental
assessment of the performance characteristics of the building and related services, or to support an eco-
design of processes with the aim of comparing the various construction projects.

Several approaches have been taken on the detection and evaluation of the environmental performance
of the services provided. In these cases, the method is generally applied door to door.

According to this approach are included in the processes of departure and return of tourists, adopted in
many cases, but limited to a few important steps in the life cycle. If we consider the overall tourist
experience, considering it as a "product” of the real sector, this experience it is the result of the sum of
the various processes connected with each other, and therefore includes a package of services [42].
This is, in general, the most complete approach but, at the same time, the most complicated in the
evaluation phase of the service. The door-to-door scheme becomes easier to apply in the analysis
generalized to entire regional systems [43].

The missing data can be found through the integration of models such as input-output analysis
[36,37,41].

The approach used for our analysis of an accommodation facility is the modular approach, based on
the door to door approach. It allows the assessment of individual processes and impacts of the service
through the total sum of it.

This mainly happens for methodological reasons, since, for product analysis is easier to outline the
flows and exchanges between processes as flows of matter, because in the case of services, the
connection between them is not so obvious and intuitive. In the following table, we have summarized
the setting of the analysis based on the ISO 14040-14044.

Table 1. Setting up of the analysis according to ISO 14040-14044 for tourism sector applications

The objective of the study

Quantify the environmental impact of the activities carried out by the customer
during the time of full use of its tourist services of a holiday in a specific structure,
in this case, the accommodation taken into analysis.

The aim of the study

Identification of the critical points and design of appropriate strategies to reduce
the impacts.

Functional Unit

The functional unit is a temporal unit.

The service is considered as a stay of 10 days, chosen on the basis of mean
residence time in the structure during the high season. Analyzing the locally
obtained data in fact, it was verified that the largest number of customers stay on
average from 7 to 14 days. Customers of the structure, moreover, tend to be loyal
to the site and to repeat the same holiday for several consecutive years. This helps
to detect the profile.

System Boundaries

In the definition of system, boundaries have been outlined, taking into account the




period of stay of tourists in the structure. For each phase, the processes usually
considered are: arrival in the structure, permanence, the end of the stay and
departure of the visitor [44].

Cuts off:

It is excluded the environmental impact of the construction of the building. They
are not charged with the cost of production and maintenance of household
appliances.

Quality of data: Source

e Primary data coming directly from the bills of water, electricity and gas use,
waste through questionnaires and direct interviews to facility staff and
customers;

e Secondary data analysis from interacting with local companies operating in
connected services (transport, tourism, catering and laundry services)
specific databases for LCA, including Ecoinvent, database software used
for modelling inventory, and other external documents.

Source: Our elaboration, based on Arcese, (2013).

6. Discussion and Conclusions

In conclusion, it is possible to observe that there are many studies and applications of the methodology
in the field of tourism services. Part of these studies are based on LCA framework, whereas in part
represent a hybrid economic-environmental input-output LCA or simplified analysis. More frequent in
tourism LCA application is the adoption of a hybrid model [36]. In particular De Camillis, Petti and
Raggi [45] applied LCA in Hotels but they not include buildings operations impact in the analysis [15].
Many studies analyzed in this paper have been conducted on Italian tourism system and it is important
to note that the geographical characterization of the studies makes the more subjective analysis of the
traditional subjectivity of the tool generally.

In the end, according to the general report on the environmental impacts, literature review and
bibliography of LCA for the functional unit so specific impact indicators most affected concur with the
findings in other studies, confirming that the analysis model seems to be correct [36,40,45].

In particular, in the analyzed papers the most affected indicators of impact categories are the GWP for
all reservation services and, based on the Eco Indicator, especially for the quality of transport eco-
points Human Health and the indicator of the end point. In many cases of LCA applied in tourism,
high value had occurred in water depletion and acidification potential, in particular for the services of
guest rooms and laundry services. The CML indicator had a minimum amount in the reference and are
not to be considered in major part of calculation as the ADP (Abiotic Depletion) according the
CML2001. For the same CML instead, but also EDIP2003 and Eco-indicator 99 emissions are relevant
and the index Recipe Midpoint Water Depletion [1].

For this reason, it is important to identify a pattern of application of LCA methodology for the tourism
sector in macro scale and for companies in the sector, such as accommodation, in micro scale.
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