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Abstract: The sustainability improvement of museums and exhibitions is a recent concern for multiple
organisations. The application of sustainability criteria is one of the most important strategies of
innovation in design activities, products, and service systems. This study analyses the sustainability
of two alternatives to an itinerant cultural exhibition service. The exhibition travels to 12 destinations
over 3 years and is within a space of 300 m2. In the first alternative, the contents are printed and
exposed on a physical medium, and in the second, audiovisual media projects the contents on the
walls. Life cycle sustainability assessment is applied to evaluate the impacts in the environmental
dimension and the economic and social dimensions. The calculation of indicators, such as the
greenhouse gas emissions, total costs, and working time, which are referred to each sustainability
dimension, is conducted. A descriptive, comparative study was performed to identify the impact
factors with a higher incidence. The results demonstrate that the audiovisual exhibition is more
sustainable than the printed exhibition, with a difference of 8.7%, 7%, and 6.6% in GWP100, CE, and
TW indicators, respectively.

Keywords: sustainable design; cultural service; sustainability indicators

1. Introduction

Service systems are receiving increasing attention from marketers, designers, and
business administrators, since the evolution towards a service economy, in which more
customized solutions are provided, is taking place. At the same time, the design of
sustainable solutions balancing social, economic, and environmental issues is required
to achieve the challenges of the Sustainable Development Goals (SDGs) adopted by the
United Nations in 2015.

In order to provide more sustainable services, the cultural sector is gradually inte-
grating sustainability concepts and should apply methods and tools related to the current
sustainability practice. Significant advances on the design of sustainable services as well
as the integration of sustainability in cultural services associated with museums and
exhibitions development are exposed below.

1.1. Advances in the Design of Sustainable Services

New trends in design entail the best possible combination of both operative and
sustainable aspects, not only in the case of product systems but also in the development of
service systems.

Approaches used to evaluate sustainability and improve service designs have been
evolving. Particularly, models such as the life cycle sustainability assessment (LCSA), which
evaluates environmental impacts and the economic and social aspects of a system [1,2], have
been developed. LCSA is a trans-disciplinary framework that covers all three dimensions
of sustainability by adopting a life cycle approach and broadens the life cycle assessment
(LCA) methodology standardised in ISO 14040 [3].
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The LCSA method has been mainly applied to product systems, and its application to
service systems has been limited. In addition, in most of the studies, only the provision
stage of the service life cycle is analysed. Activities conducted in service creation and actions
developed when a service operation is finished are rarely considered. We reviewed recent
studies on sustainability in service systems [4–9] (Table 1) and observed the following:
they frequently compare impacts of alternatives as a research objective, their sustainability
results focus on the environmental dimension, and in only a few cases were socioeconomic
data obtained.

Table 1. Sustainability studies of service systems applying a life cycle approach.

Service System Objective and Methods Results

-Bicycle sharing—[4]
Evaluate and compare
different design alternatives.
Method: LCA

Environmental impact is
reduced by the product
requirements’ improvement.

-Water recreation tourism—[5]
Study different projects of
water navigation. Method:
LCA

Recommended the use of
electric technology in the
propulsion system.

-Private car business—[6]
Analysis and redesign of
business models. Method:
LCSA

Carpooling is the most
competitive when driving
short-medium distances.

-T-shirt Product-Service
System (PSS)—[7]

Quantify and compare
impacts in two different
systems. Method: LCA

Environmental impact is
reduced if a circular PSS is
proposed.

-Pavement maintenance—[8]
Study three alternatives.
Methods: LCSA and
Multi-criteria decision making

The option based on recycling
is the most suitable in
economic and social
dimensions.

-Street food service—[9]
Compare the environmental
impact of two alternatives.
Method: LCA

Electricity consumed, oil used
to fry, and customised
structure are high hotspots.

Thus, the application of practical approaches in the study of service systems, taking
into account each sustainability dimension and a life cycle perspective, is required. Since
the sustainability improvement of museums and exhibitions is a recent concern for multiple
organisations, the study of this type of cultural services is carried out in this work.

1.2. Advances in the Integration of Sustainability in Museums and Exhibitions

Cultural services, particularly museums and exhibitions, have a significant impact
on individuals, societies, the economy, and the environment [10–14]. Museums need to
acknowledge that they are inextricably linked to sustainability principles [15]. In addition
to being a permanent institution in the service of society and its development, in which
the tangible and intangible heritage of humanity is exhibited for education, study, and
enjoyment [16,17], they have started to be regarded as having a key role in shaping our
sustainable future [18]. Museums seek to have a positive impact on sustainable develop-
ment [19] and transmit the urgency of the crises in nature, so they should develop and
implement sustainable solutions.

Cultural organisations have been encouraged to adopt more sustainable museums
based on the triple bottom line approach, which evaluates their work according to their con-
tribution to the social, economic, and environmental development goals of society [20,21].
The Working Group on Sustainability [22] was created to define sustainable solutions.
These actions are relevant to increase the recognition of the impact generated by the cul-
tural sector as well as other sectors [23]. Going green enables museums to connect to a
deepening eco-consciousness among young individuals, their future audience and sup-
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porters [24–26]. To be sustainable, museums, through their mission, must be ‘an active and
attractive part of the community by adding value to heritage and social memory’ [27].

In the last two decades, notable efforts have been made in museums and institutional
buildings, in which transformations towards reducing their environmental impacts, espe-
cially energy demand [15,28,29], have been performed. Main advances are summarized
in Table 2. A suggestion is to review the reliance on air conditioning and decrease water
usage in museum operations, exhibits, and collection spaces. Further advice from the
Museums Association consisted of incorporating virtual exhibits and collections [30] as
well as other modern technologies such as hands-on interactive exhibits, virtual reality [31],
and E-museums [32] to decrease the reliance on physical resources and converting to using
energy from renewable resources to decrease environmental impact, at the same time
allowing museums to become more attractive [33]. Another relevant view is that of the
Canadian Museums Association [34]: a museum is sustainable if ‘it assesses the impact
of its activities on the environment, on the quality of life of its stakeholders and on the
economy’. The initiatives as part of Energy Performance Certification in the European
Union (Buildup.eu) or Leadership in Energy and Environmental Design in the United
States of America have helped to establish criteria for environment improvement.

In 2006, the Critical Assessment Framework was created by the Working Group on
Museums and Sustainable Communities. It is based on a stratified approach that helps
planners develop museums that achieve a culture of sustainability and fulfil the needs and
opportunities related to individuals, communities, the museum, and global reality [35].
Another study developed a new eight-step carbon footprinting methodology to manage
the impact of the museum loan programmes, tested using data from the Art Department of
Amagueddfa Cymru-National Museum Wales [36]. Furthermore, various self-assessment
methods are mentioned, such as ‘sustainability audits’ or checklists for the achievement
of some sustainability standards [37]. However, these methods have a high degree of
subjectivity, and the results obtained for various museums are not comparable.

Environmental and human health impacts have been investigated in the study of
exhibitions at the Museum of Fine Art in Boston. The evaluation of materials and processes
used in the display, transport, and preservation of cultural heritage is conducted using
LCA [38]. This pioneering research in applying LCA to the museum’s permanent exhibited
objects analyses museum activities and presents results on loan activities, options for
lighting galleries, and heating and cooling systems. Additionally, a life cycle analysis library
and beta tool dedicated to cultural heritage preservation and exhibition practices [39] has
been applied to obtain environmental and human health impacts of three seventeenth- and
eighteenth-century silver objects.

Progress in integrating sustainability in museums and other service systems is con-
ditioned by the selection of appropriate indicators. Traditional indicators to measure a
museum’s performance are attendance, revenue, membership, sales in gift shops, media
coverage, balanced books, and corporate events [40]. Nevertheless, the unitary cost of a
visit to the museum, estimated as the ratio between the total costs of the institution and
the total number of visitors, is identified as a relevant sustainability indicator. The list of
indicators pertaining to eco-museums [41] is substantially increased if they are described
as a list of activities, actions, and effects that museums can have on society. The proportion
of earned income (income earned by museums through activities, e.g., selling tickets and
souvenirs, renting spaces, and lending objects) in the total revenues of a museum is also
used [42] to estimate their level of cultural entrepreneurship.

Another model for evaluation [43] suggests five indicators: unconventional territory
adoption, in situ conservation and interpretation, management of sites conducted by liai-
son, cooperation and development of partnerships, empowerment of local communities,
and potential for interdisciplinary and holistic interpretation. According to the Interna-
tional Council of Museums, an important indicator for measuring a museum’s success in
becoming sustainable is intellectual and financial autonomy.
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Studies [44–48] have considered four pillars in the sustainability of museums: eco-
nomic, social, environmental, and cultural. The maximum level of sustainability is attained
when the equilibrium among the four pillars or spheres is reached. In achieving equi-
librium, progress in each of the four dimensions must be assessed regularly, requiring
the creation of valid, reliable, and simple instruments for objective measurement. Often,
increased performance in one dimension creates negative effects on another dimension.

Table 2. Advances in the integration of sustainability in museums and exhibitions.

2004

Economic dimension prevalence. The unitary cost of a visit to the museum is
considered the most relevant indicator to measure museum performance [40].
Income earned by museums through their activities is used to assess the level of
cultural entrepreneurship [42].

2006

Equilibrium among different sustainability dimensions. The tool ‘Critical
Assessment Framework’ helps planners develop museums based on the culture of
sustainability [35].
Definition of 21 indicators associated with eco-museum performance, described as a
list of effects that museums can have on society [37].

2007
Three interacting dimensions (financial, intellectual, and social) are identified.
Visitor studies are considered crucial to understand cultural institutions and build
more sustainable models [46].

2008 Sociocultural aspects are mainly considered within an evaluation model in which
five indicators are identified [43].

2011

Sustainability is focused on responding to the needs of the community. The
intellectual and financial autonomy of a museum is an important indicator [27].
Development of a carbon footprint methodology to control the impact of museum
loan programmes [36].

2012 Demand for resources and emissions is quantified. Energy and water consumption
have a strong correlation with the museum area and number of visits [49].

2015 Use of various methods of sustainability assessment (i.e., self-assessment,
sustainability audits, checklists) with a high degree of subjectivity [37].

2016

Use of standardised, objective methods.
LCA application to the museum’s permanent exhibited objects [38].
Each dimension/pillar of sustainability must be considered and evaluated. Simple,
objective instruments are required [45].

2019 LCA and beta tools for cultural heritage preservation and exhibition practices [39].

Museums, defined by their permanent collections, use temporary and itinerant exhi-
bitions to engage with the public, make local audiences return to the museum, and help
attract sponsors and media attention and maintain ticket pricing [50]. A travelling exhibi-
tion remains in each destination for a relatively short time, refers to a specific theme, and is
usually exhibited in a relatively small space. Regarding the current situation influenced by
COVID-19, the World Tourism Organization estimated that the decrease in tourism from
2019 (before the pandemic) to 2021 is 85% [51]. The importance of temporary itinerant
exhibitions is expected to increase because they help local audiences by creating a sense of
urgency and exclusivity.

In this work, a practical approach is applied to analyse the sustainability of an itinerant
exhibition and select the most sustainable design between two different alternatives. The
methods applied and the results obtained in a specific case study are presented in the
following sections.

2. Materials and Methods

In this study, the LCSA methodology is applied to analyse the impacts produced in
sustainability. The development of this methodology implies a life cycle approach, in which
the impacts of all life cycle stages need to be considered comprehensively. According to
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ISO 2006 [3], different phases can be differentiated within the life cycle of a product system,
which can be grouped into three main stages: creation, use, and end-of-life. Similarly,
the life cycle of a service system can be divided into three main stages: service creation,
provision, and end-of-life treatment, in which activities and intermediate products are
required [52].

The background for LCSA development is the ‘triple bottom line’ approach of sus-
tainability (referred to as environmental, economic, and social impacts). It is achieved
by combining the environmental life assessment, life cycle costing, and social LCA tech-
niques [1,2]. The LCSA practice application is based on four phases:

(1) Definition of the goal and scope of the study.
(2) Inventory analysis: identification and quantifying of the inputs and outputs.
(3) Impact evaluation in each sustainability dimension using different indicators.
(4) Interpretation of results, study conclusions, and recommendations.

Two types of sustainability studies applied to product or service systems can be
distinguished (Figure 1). The first type, a descriptive study, focuses on evaluating a
system and identifying the different factors (f1, f2, f3, . . . ) affecting the indicators of each
sustainability dimension. Results interpretation in this type of study can be used to achieve
sustainability improvements [53]. The second type, a comparative study, evaluates the
sustainability of two or more scenarios or alternatives (A1, A2, . . . ). This type of study
focuses on comparing impacts in each sustainability dimension (environmental, economic,
and social) and determining the most sustainable alternative. Many studies have applied
the LCSA to evaluate the sustainability of product systems [54].

In this study, the LCSA is applied to obtain sustainability indicators for a service
system. Additionally, a combination of descriptive and comparative studies was conducted
to achieve a thorough sustainability analysis of the system (Figure 1). Thus, a comparative
presentation of the impact factors of two different service alternatives is performed, and
factors with the highest incidence in each sustainability dimension are identified. Moreover,
a parallel comparison between indicators referring to each sustainability dimension was
conducted, enabling the most sustainable alternative to be selected.

A critical point in the analysis is the selection of effective indicators to assess each
sustainability dimension. The number of indicators for measuring the three dimensions of
sustainability can vary according to the difficulty of obtaining practical information and
the scope of the study. In this study, quantitative indicators are selected to measure the
impacts of each sustainability dimension, and the results are presented without aggregation.
The global warming potential (GWP100) and execution cost (CE) indicators were used to
evaluate the environmental and economic dimensions. GWP100 represents greenhouse
gas emissions, which affect the Earth’s warming and measures how much energy the
emissions of 1 ton of a gas will absorb over 100 years, relative to the emissions of 1 ton
of carbon dioxide (CO2). CE expresses the total cost of developing an activity or process
within a system. These indicators are commonly used to evaluate environmental and
economic impacts. Additionally, the selection of quantitative indicators to value social
impacts is a difficult task. Workers were selected as the stakeholder category to assess the
social dimension of sustainability, and the working time (TW) indicator or time required to
develop an activity was used to quantitatively evaluate the social impact.

Specific software and different databases were used in this study to determine sustain-
ability indicators. The environmental unit indicators of different materials and products
are presented in the ProBas database [55]. The environmental impact due to raw material
procurement and manufacturing processes of audiovisual equipment was consulted in
the literature [56]. Emission factors of commercial electric companies [57] were used to
calculate greenhouse gas emissions from both electric and fuel consumption. Cype software
was used to obtain a wide amount of data on construction, assembly, and dismantling
activities. Specifically, the execution costs and working times of activities in the study case
are calculated using this software. In addition, CE3X software was used to calculate the
energy consumption of a building or space according to its characteristics and location data.
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3. Case Study

A cultural service, which consists of an itinerant exhibition dedicated to didactically
transmitting the legacy of Francisco de Goya, is the object of study. Itinerant exhibitions will
travel to 11 Spanish and Portuguese destinations (Zaragoza, Bilbao, Valladolid, Santiago,
Oporto, Lisbon, Seville, Málaga, Murcia, Valencia, and Barcelona) after their inauguration
in Madrid, remaining for 3 months in each. The exhibition will be open daily (except
Mondays) for 11 hours over 3 months at each destination.

Two alternatives were analysed. In the first alternative, the cultural content of the
exhibition will be exposed to hard copies (print on fabric and vinyls). In the second
alternative, these contents will be projected onto the exhibition hall walls using audiovisual
media. In both alternatives, a rectangular exhibition area of 300 m2 (20 m × 15 m) and
4 m high is required. The entire life cycle was also reviewed. Thus, in each alternative,
the activities necessary to transform an empty hall into a suitable exhibition space are
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analysed in the creation stage, as is the service development during the provision stage
and the dismantling and management of all used materials in the end-of-life stage after
the exhibition is finished in the last destination. The design of the printed support and
audiovisual content was not included in the scope of this research.

The LCSA was used to assess and compare the sustainability of both itinerant cultural
exhibition services. An entire tour (12 destinations) was also considered. The sustainability
indicators of each alternative are expressed considering the entire tour. In addition, to
facilitate a comparison of these indicators with other cultural exhibitions in which the
operation time or the exhibition area differ, a functional unit of 1 month and 1 m2 can be
defined.

3.1. Alternative 1: Printed Exhibition

In this case, the preliminary conditioning of the exhibition area involves the construc-
tion of a modular wall system with the printed material exposed on them (printed and
cut-out vinyl). Thirty-seven modules (1 m × 3 m × 0.2 m) were attached to the wall with
struts and brackets, and the modules were properly distributed in the exhibition area to
obtain an appropriate route to show the cultural content (Figure 2). The structure of each
module is made of wood slats, joined by dowels and adhesives, and subsequently covered
with medium-density fibreboard (MDF) panels; later, successive products (filler, primer,
and two paint layers) were applied to them. Finally, printed vinyls and cut-out vinyls were
attached to some of these modules.

The raw materials required for the construction of the modular wall system, as well as
manufacturing processes and assembly of on-site activities, were examined in the creation
stage. The sequence of activities performed by the team of carpenters, printer drivers,
and electrical installers, as well as the materials required for the full preparation of the
exhibition, were determined. In addition, the transport of materials was considered, from
carpentry to the exhibition hall (37 km) and between destinations (3539 km in total). A
truck with a capacity of 25 m3 was used.

The service provision stage mainly involves the activities of public attention and coor-
dination, conducted in two shifts of 5.5 and 6 h, respectively. The cleaning of the exhibition
hall is organised before opening in one shift of 1 h (which includes daily floor vacuuming).
Exhibition development is conditioned by suitable lighting, using 20 spotlights distributed
by electrified rails and content oriented, and appropriate heating and cooling. When
each exhibition finishes (end-of-life stage), the modular wall system can be disassembled
and reused in the next destination. However, printed materials must be manufactured
again for each destination because their reuse is not possible. At the last destination, all
materials were discarded, classified into appropriate categories (wood, plastic, or metal),
and transported to waste management plants (6.6 km from the exhibition hall).

Sustainability was evaluated using the indicators selected in the prior section. Results
obtained for the printed content alternatives are presented in Table 3 and expressed per
entire exhibition tour and per month and m2. Throughout the service life cycle, more
than 51 tons of CO2-eq are emitted, the total execution costs exceed EUR 358,000, and
the accumulated working times by workers involved in the development of the service
make up almost 25,000 h. Indicators expressed per functional unit are 4.74 kg CO2-eq, EUR
33.17, and 2.3 h. The provision stage generates most of the impact on the environmental,
economic, and social dimensions, 71.6%, 79.4%, and 89.3% of the total impact, respectively.
The creation stage also had a significant incidence.
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Table 3. Alternative 1: printed exhibition. Sustainability indicators.

Environmental Dimension Economic Dimension Social Dimension

GWP100 CE Tw

Life Cycle
Stage

Kg CO2-eq/
Entire Tour

Kg CO2-eq/
Month·m2

EUR/
Entire Tour

EUR/
Month·m2

h/
Entire Tour

h/
Month·m2

Creation 14,502.84 1.34 55,722.32 5.16 1578.96 0.15
Provision 36,653.32 3.39 284,613.58 26.35 22,176.00 2.05

End-of-life 36.87 0.0034 17,905.46 1.66 1072.32 0.10
Total 51,193.03 4.74 358,241.35 33.17 24,827.28 2.30

3.2. Alternative 2: Audiovisual Exhibition

In this alternative, the exhibition of cultural content is based on the use of audiovisual
media. Contents are projected onto the four walls by ten projectors (plus one spare), and
audio tracks are emitted by eight speakers. This equipment is conveniently distributed and
installed by two workers on the technical ceiling (floor plan and showroom perspective;
Figure 3). In addition, a computer to control audiovisual material is required. The device’s
raw materials and manufacturing data, transport from the warehouse to the exhibition
hall (37 km), transport between destinations (3539 km), and installation activities in the
showroom are examined in the creation stage.

Activities of public attention, coordination/on-call technicians, and cleaning are de-
veloped by five workers in the provision stage. Moreover, exhibition development is
accomplished by the correct operation of equipment (on and standby modes are differen-
tiated according to the working mode). Specific lighting is not necessary for this type of
exhibition. The safety lighting in the showroom is sufficient and not considered. The data
are summarised in Figure 3.

When each exhibition finishes after 3 months, the equipment is disassembled, unin-
stalled, and moved to the next destination in one rented van, with a 3 m3 capacity, by
the installers. At the final destination, in addition to the dismantling activity after the
exhibition closed, all the materials were discarded (26.81 kg), moved to waste management
plants (6.6 km away), and categorised according to the nature of the material (metal, plastic,
glass, or mixed waste).

The sustainability indicators obtained in each life cycle stage of the audiovisual
exhibition are listed in Table 4, expressed per entire exhibition tour and per month and m2.
If the total life cycle is evaluated, less than 47 tons of CO2-eq are emitted, the total execution
costs reach EUR 333,000, and accumulated working times by the workers involved in the
development of the service are approximately 23,000 h. Indicators expressed per functional
unit are, respectively, 4.33 kg CO2-eq, EUR 30.85, and 2.15 h. Thus, lower impacts than in
the printed exhibition are valued. Notably, indicators calculated in the provision stage are
significantly higher than those obtained in the creation and dismantling stages: 89%, 80.1%,
and 89.3% of the total impact, respectively.

Table 4. Alternative 1: audiovisual service. Sustainability indicators.

Environmental Dimension Economic Dimension Social Dimension
GWP100 CE Tw

Life Cycle Stage Kg CO2-eq/
Entire Tour

Kg CO2-eq/
Month·m2

EUR/
Entire Tour

EUR/
Month·m2

h/
Entire Tour

h/
Month·m2

Creation 1168.09 0.11 36,496.64 3.38 610.69 0.06
Provision 45,579.01 4.22 286,842.09 26.56 22,176.00 2.05
End-of-life 2.24 0.0002 9810.87 0.91 391.75 0.04
Total 46,749.33 4.33 333,149.60 30.85 23,178.44 2.15
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3.3. Comparing Results

The sustainability indicators obtained for the two exhibition alternatives are compared
in Figure 4. Diagrams of the GWP100, CE, and TW indicators are shown in Figure 4a–c, in
which the percentage distributions of different impact factors are shown. A set of factors
was selected to express the impact distribution for each life cycle stage; some appeared
with a slightly marked font because they could not be evaluated.
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Significant variations were observed in the indicators evaluated during the creation
stage. In the case of the printed exhibition, the mass of materials required in the construction
of the modular wall system is 4.1 tons. The audiovisual exhibition alternative does not
need the subdivision of the exhibition space, and material requirements are considerably
reduced. Thus, the incidence of different factors during the creation stage showed a notable
decrease. GWP100 and CE indicators reduce, respectively, 11.1 tons of CO2-eq and EUR
13,250, due to the obtainment of raw materials and manufacturing processes.
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The use of a minor amount of material has a direct effect on transport activity. Trans-
port of materials from warehouses and between destinations is included in the creation
stage, and transport of materials to waste treatment facilities is included in the end-of-life
stage. Fuel consumption, as well as costs and working times due to operations associated
with the loading, transport, and unloading of materials, are reduced in the audiovisual
exhibition alternative. If the entire tour is considered, GWP100, CE, and TW indicators are
reduced, respectively, 2.2 tons of CO2-eq, EUR 6100, and 151 h.

A significant increase in greenhouse emissions was observed in the audiovisual
alternative during the provision stage. An increase of 8.9 tons of CO2-eq was evaluated
in the GWP100 indicator. Although the incidence of conditioning is higher in printed
exhibitions because it requires appropriate lighting (content oriented), in contrast with
the audiovisual alternative where a dark room is necessary, the energy consumption
by equipment is considerably higher in the audiovisual exhibition. In addition, energy
consumption affects the CE indicator. An increase of EUR 2200 is calculated. Nevertheless,
execution costs in the provision stage depend mainly on the workforce factor, and this
factor is not modified much in the two projected exhibition alternatives.

Finally, in the end-of-life stage, sustainability indicators of the audiovisual alternative
are also lower than those of the printed exhibition. As a smaller amount of materials is
required, activities considered in this stage (disassembly, transport to treatment facilities,
and deposition) cause lower impacts. Particularly, disassembly operations generate a
reduction of EUR 5477 and 657 h in the CE and TW indicators, respectively.

Comparing the total values of indicators for each sustainability dimension demon-
strates that the impacts of audiovisual exhibitions are lower than those of printed exhibi-
tions. Greenhouse emissions, execution costs, and working times are reduced, respectively,
4.4 tons of CO2-eq, EUR 25,173, and 1648 h, along the entire tour of the cultural service
development; thus, a relative percentage reduction of 8.7%, 7%, and 6.6%, respectively, was
obtained.

4. Conclusions

Museums and exhibitions have been endeavouring to be more sustainable and trans-
mit the urgency of the climate crisis to society. Understanding the sustainability impact
of cultural services can help achieve this goal. However, there is little evidence in the
literature of studies applying assessment methods to evaluate cultural services, museums,
or exhibitions. In addition, the sustainability or sustainable development concept is usually
associated with the realization of activities related to conservation and preservation of
cultural heritage rather than the quantitative assessment of environmental, economic, and
social impacts. This study contributes to obtaining sustainability indicators and projecting
itinerant exhibitions with sustainable criteria.

Most studies on sustainable design have focused on product systems. In studies of
service systems, sustainability is usually only analysed in the provision stage and from an
environmental view. In this work, a multidimensional approach is applied. According to
the LCSA method, environmental, economic, and social dimensions are considered and the
GWP100, CE, and TW indicators are, respectively, evaluated. Moreover, a life cycle approach
was applied, and all the inputs and outputs produced in each activity and used resources
in the creation, provision, and end-of-life stages were analysed. This work combines
descriptive and comparative sustainability studies in order to analyze and compare two
different design alternatives of an itinerant exhibition.

The development of an itinerant exhibition that travels to 12 destinations over 3 years
has been studied. The exhibition is dedicated to didactically displaying the legacy of
‘Francisco de Goya’ within an exhibition space of 300 m2. In the first alternative, the contents
are printed on fabric or vinyl disposed on auxiliary modular MDF walls distributed
adequately to create a tour in the exhibition hall. In the second alternative, the contents
are projected directly into the walls of the exhibition hall using an appropriate system of
projectors and speakers.
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The analysis of service sustainability is conducted by combining descriptive and
comparative study types. Thus, the most sustainable alternative is selected, and the most
significant factors affecting the sustainability of each alternative are determined. In each
sustainability dimension, the impacts of audiovisual exhibitions are lower than those of
printed exhibitions. The greenhouse emissions, execution costs, and working times are
reduced by 4.4 tons of CO2-eq, EUR 25,173, and 1648 h, respectively, along the entire tour
of the cultural service development.

Sustainability analysis with a life cycle perspective facilitates a comparative study of
the two exhibition alternatives. The mass of materials required in the creation stage of the
printed exhibition was considerably higher than that in the audiovisual exhibition. Thus,
the incidence of different activities and processes associated to the creation stage (i.e., raw
materials obtaining, manufacturing, transport, assembly) showed a notable decrease in the
case of the audiovisual alternative. Reductions of 13.4 tons of CO2-eq, EUR 19,300, and
960 h were evaluated in the GWP100, CE, and TW indicators of the service creation stage,
respectively. The use of less material is also observed at the end-of-life stage. Particularly,
dismantling activities involve a significant reduction in cost and working time. During
the provision stage, the energy consumption by the equipment was considerably higher
in the audiovisual exhibition. Thus, an increase of 8.9 tons of CO2-eq is evaluated in the
GWP100 indicator, and operation costs increase by EUR 2200 along the entire tour exhibition
development.

The final values of sustainability indicators show that in the studied cases the audiovi-
sual exhibition alternative is more sustainable than the printed exhibition. The results are
independent of the presented content but related with the scale and duration of the service
operation. If the time of the service provision were extended, more impacts related to the
energy consumption of the projectors would be registered in the case of the audiovisual
exhibition. On the other hand, if the size of the exhibition space was to be increased, more
public attention personnel would be needed in case of the printed exhibition; meanwhile,
in the case of the audiovisual one, as it operates in an open layout, the same number of
personnel could be maintained, even if the size were doubled. The sensibility analysis,
which assesses the impact of those modifications, will be conducted in future studies.
Further research should also assess the cultural dimension of sustainability, expand the
scope of the study, add other involved factors, or perform a sensitivity analysis to observe
the variations produced by the exhibition size, the number of locations, or the distance
between them. Other types of itinerant cultural exhibitions could also be analysed and
compared to understand the most sustainable option.
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