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Abstract The introduction of services in the economy addsesin an intangible
way while promotes dematerialization. As produststvices are developed to
fulfill customers’ needs, being representative algo economic and social
concerns. But, despite of their non-physical atitels, they may also give rise to,
direct and indirect, environmental impacts. Theamgibility of services added
with the fact that, in most cases, the environnidatals of service companies are
not produced at the site of activity, difficultsetassessment of environmental
contribution of this sector. Thus, this paper atmsinderstand how services are
being studied using Life Cycle Assessment (LCA)ptesent an overview of the
case studies obtained during the literature re\ded to start a discussion about
the methodological issues which difficult the apgtion of LCA methodology in
this sector.

1 Introduction

A sustainable society in the future should use caibput 10 percent of the
resources that industrialized societies are usinigyt (per capita) [1]. In many
situations, most of resources end up as waste kefare being processed into
products. This scenario exposes the need of amefation to move from the

prevailing economic system of manufacturing goodd anducing customers to
buy them based on dematerialized consumption patteywards a sustainable
society.

Approaches focused on cleaning and remediatiotreasments accomplished at
the end of industrial processes (‘end-of-pipe’yéhbecome insufficient, requiring
their integration with pollution prevention straiegy giving them a broader
perspective, as proposed by industrial ecology [Mdustrial ecology

systematically analyzes the interactions betweemamu activities and the



environment, seeking to optimize the overall cyaiéndustrial materials [3], by
means of dematerializing the economy and creatingparks.

Aligned with the principles of industrial ecologihe United Nations Environment
Programme - UNEP [1] highlights three strategiesstistainable development,
namely: (i) dematerialization, which addressesrbed and functionality rather
than the product alone, tracking throughput of mialee and energy in industrial
and consumption processes, and increasing the roesquoductivity; (i) life
cycle management, which integrates existing toold eoncepts to support the
decision making processes about sustainable gowtisavices in a structure that
encompasses all stages of the life cycle and conuait@s relevant information to
stakeholders, and; (iii) product-service systentsctvconsists in the development
of a marketable mix of goods and services thaaraly capable of fulfilling a
client’s need, with less environmental impact.

Currently, the service sector encloses one thirdllahe world trade and it is the
biggest sector of economic growth. Due to the dkédim of service, added to the
great profitable probability that the companiesorded in their contracts, it offers
about 11 million jobs, corresponding to 16% of théal of workers from the
private sector: one from each three jobs offeredthea last decade was in
outsourcing companies [4]. Services production salds represent the major part
of the economy in most industrialised countrie(at¥5% of the gross domestic
product — GDP in the US and about 50% of the GDBurope) [5]. In Brazil, this
scenario is not different; the service sector spomsible for more than 68% of
national GDP, which corresponds to R$ 680 billibmet operating revenue [6].
The introduction of services in the economy addsevin an intangible way while
promotes dematerialization. As products, services developed to fulfill
customers' needs and, as shown above, they haxeatmptential for economic
and social contributions. But, despite of their qpdtysical attributes, which give
us an idea of a clean industry, the service senty also give rise to direct and
indirect environmental impacts. These impacts ateeasily identified because, in
most cases, the environmental loads of service aoimap are not produced at the
actual site of activity (indirect impacts).

Thus, considering: (1) the need of more dematesdli production and
consumption patterns, (2) the potential of demaliggtion promoted by a service
associated with its significant contributions taeemic and social spheres, and
finally, (3) the lack of clarity concerning the émnmental performance of
service industries, this paper aims to understand $ervices are being studied
using Life Cycle Assessment (LCA), to present aereiew of the case studies
obtained during the literature review and to startdiscussion about the
methodological issues which difficult the applicatiof LCA methodology in this
sector.



2 Methodology

Two literature reviews were carried out in orderathieve the main goal of this
paper. A broader review was conducted looking fomplanations about
environmental implication of services, often prdasdnas positive, i.e. that does
not cause adverse impacts. The other one was fdaursthe determination of the
state of the art in environmental assessment efcger using LCA methodology.
The International Journal of Life Cycle Assessmeas the unique source
considered in the second literature review becdusedevoted entirely to Life
Cycle Assessment, comprising papers on LCA metlmayplsocial and political
acceptance, governmental activities and examples findustrial applications,
and also historical sketches, short version ofaddtCAs and case studies.

The search for 'service' within this journal rerofirelmost 600 papers. They were
filtered considering their title, keywords, abstrand year of publication (between
2000 and 2011). Each paper should submit an apiplicaf LCA in service
industries as case studies to be included or hriethodological considerations
and contributions. As a result of this literatuswview, 22 papers were selected,
classified into eight groups (service sectors))yareml and summarized in table 2
(section 4 of this paper).

3 Servicesand their environmental impacts

Given the amount and complexity of services it &pful to describe what
services are not and some general key features atim@mwhat is unique about
services [9]. Services are not tangible, are npaisble from consumption, cannot
be stored or owned, are complex experiences anlitygisadifficult to measure
[10]. Backmann [11] pointed out the differencesamatn services and products, as
shown in Table 1. Softwares are exceptions forrhies - they constitute products
but do not have physical (material) characters [5].

Tab.1l: Differencesbetween aproduct and a service

PRODUCT SERVICE

Produced Performed

Material Immaterial

Tangible Intangible

Can be stored Cannot be stored
Usually without client Interaction with client




Consumption after production Consumption=production
Defects in manufacturing Mistakes in behaviour

However, in practice, the provision of servicesoiwes a number of tangible and
intangible elements, while the supply of produehkes on the culmination of a
long chain of services [12], and so, it is not dienfp separate services from
products and vice versa.

Service industries are responsible for a notabéeesbf the environmental impact
in our society [13,14]. It is estimated that seevaperations have almost the same
energy use and global warming potential as the faatwring sector [13].

Besides the dematerialization potential for positienvironmental impact,
promoted by replacing goods with services, serinckistries have tended to be
ignored for environmental policy due to the relaljvlow emissions released at
the point of generation, i.e. the loadings gengrate not caused directly by the
processes of the actual organization but occurtheroparts of the supply chain
instead [15,16]. In this context, it is especialmportant for companies to
consider the environmental implications of theilogesses linked with those
performed by suppliers and representatives, alobagvhole life cycle.

According to Rosenblum, Horvath and Hendrickson],[13e service sector can
influence the environmental performance of all egagf the life cycle of a system,
as described below:

Influencing suppliers to provide more environmegtalonscious products and
services;

Reducing resource inputs in their operations, fosténce through energy
efficiency programs and cutting business travel,

Educating consumers about the relative merits fiéréint products (particularly
in the retail sales sector);

Reducing resource use on the part of consumers ulystigiting more
environmentally beneficial services or activitiikg substituting teleconferencing
services for business travel).

As service is one of the most important industiieshe world economy, an
accurate identification and assessment of the emwiental impacts related to the
life cycle of its deliverables to the environmerst increasingly necessary,
especially to ensure that improvements actionsaden.



4 Lifecycle assessment of services

Life Cycle Assessment (LCA) is a globally recogriziechnique that provides
support to decision making, developed to assessetivironmental profile of
product (good) and service systems consideringetsycle.

Established by ISO standards [7,8], LCA has beepgsed as a means to include
environmental impact more comprehensively in deiteing the environmental
significance of the activities of an organizatid¥], but only a few researchers
have used it to study service sector companies [18]

The indirect impacts of services have traditionaien rather difficult to assess or
to recognize and methodological difficulties mais@rduring the execution of the
study [17,19]. Some of the major hindrances of L@pplication in service
industries are the definition of systems boundaaied the choice of functional
unit.

According to Brezet et al. [20], the life cycle afservice is very different due to
the intangibility, and so, the limitations of wHalongs to the service system are
not always as clear as for products. An importafierence in the definition of
system boundaries is the inclusion of personneliafidstructure to the analysis.
Infrastructure determines a great part of the prodhare in service systems and
personnel, that alone do not cause hard envirorahanpact, often determine a
significant part of the added value. Also, the ofecertain capital goods like
computers are part of the analysis, while they aften regarded as negligible
when physical products are analyzed.

The choice of functional unit strongly influencé® toutcome of the study and, as
services often lack a well-defined unit of prodantiit is difficult to assess their
relative performance over time or between compafii8s Instead of a certain
quantity of product, the functional unit shouldeefo an abstract function, like
being clothed or having mobility, to a period omé& [21], and consider the
consumer behaviour.

Some authors, as Brezet et al. [20] and AurichhBwand DeVries [22] highlight
the need of specific methods developed for LCAa¥ices and state that these
methods could be based on the same LCA technifpa¢site used with products.
In this sense, the META matrix was presented by §&0a first concept of a LCA
method for non physical product components. Thisrimatands for Materials,
Energy and Toxic substances. On the vertical axteematrix, the phases of the
product life cycle are reflected.

Despite all the difficulties and discussion, martydgées concerning LCA of
service industry can be found in the literatureslaswn in table 2. They refer to
eight different service sectors, namely: buildingl anfrastructure, energy, food,



telecommunication and media, tourism, transportrantility, waste management
and laboratory.

Tab.2: Casestudiesof LCA application to serviceindustries

Service Sector Author(s)

Blengini and Di Carlo [23]

Elghali et al. [24]

Building / infrastructure Kofoworola and Gheewala [25]
Oliver-Sola et al. [26]

Paulsen [27]

Frischknecht and Stucki [28]
Solli et al. [29]

Baldwin, Wilberforce and Kapur [30]
Jungbluth, Tietje and Scholz [31]
Emmenegger et al. [32]

Graedel and Saxton [33]
Hischier and Reichart [34]
Scharnhorst [35]

Tourism De Camillis, Raggi and Petti [36]
Rozycki, Koeser and Schwarz [37]
Spielmann and Scholz [38]
Cleary [39]

Del Borghi et al. [40]

Del Borghi et al. [41]
Liamsanguan and Gheewala [42]
Laboratory Rynja and Moy [43]

Energy

Food

Telecommunication / media

Transport / mobility

Waste management

5 Discussion and Final remarks

Service industries are very significant for the reat economy and society,
especially in industrialized countries. They perriie value creation in an
intangible way at the same time that promote demadiization, a necessary
strategy for more sustainable production and copsiom patterns.

However, there is a need for adequate assessmamvobnmental aspects and
potential impacts of services, since they alsoritauitie to environmental burdens,
often difficult to identify because they are indite



Life Cycle Assessment (LCA) is a technique devetbp® study the

environmental burdens associated with differengetaof a good or service
system. But, as shown in this paper, it is notispke to use it for services.

A panel of experts or a survey should be conduatefiiture works to discuss
other complicating aspects of LCA methodology fervices than those already
known as the definition of system boundaries, scepel functional unit.

Databases development is of great value to fatelitand promote LCA

performance, especially for decision-making purgose

Extreme improvements towards sustainable systems bea explored by the

incorporation of more services in the economy, amdhis sense, broadening the
application of LCA to Product-Service Systems (P$S)a tendency to be
researched.
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