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Abstract
Purpose A wide number of research efforts have been carried out over the last decades to assess and improve system sustain-
ability. Different methods and tools are increasingly implemented in product systems; nevertheless its application to services 
and other systems, in which products and services are combined, is rather limited. In this work, an approach to improve the 
sustainability of systems composed of products and services (P + S systems) is proposed and implemented in two case studies.
Methods The sustainability improvement of P + S systems is addressed integrating different methods and approaches. The 
flows between system approach is used to identify links between all systems involved. The life cycle sustainability assess-
ment (LCSA) method is applied to simultaneously evaluate environmental, economic and social aspects of sustainability 
with a life cycle perspective. In addition, sustainable design principles are taken into account to propose effective improve-
ment strategies. The systematic development of four phases is required to carry out the integration of these approaches: 
(i) identification of links between involved systems; (ii) sustainability assessment of the P + S system; (iii) application of 
sustainability strategies; and (iv) sustainability results comparison.
Results and discussion Two different P + S systems are analysed. First, sustainability improvements in the service provided 
by a clothing boutique are proposed, taking into account that the store where the service is developed and the clothes acquired 
by the service provider are product systems involved in the service operation. Next, the sustainability of an itinerary exhibi-
tion is investigated. Products required for the exhibition space layout as well as the service used to transport all materials 
between different locations are taken into account. In each case, sustainability indicators obtained in both initial and alterna-
tive systems are compared, and variations detected due to strategies applied are analysed.
Conclusions Sustainability of P + S systems is evaluated using a set of quantitative indicators, the relative incidence of each 
system is determined and more sustainable alternatives are projected. Thus, this research supposes an advance towards the 
sustainable design of complex systems composed of products and services, since effects due to the interconnection between 
systems are studied and criteria to carry out sustainability-oriented decision making are provided.

Keywords Sustainability improvement · Product · Service · P + S systems · LCSA · Sustainability strategies · Links 
between systems

1 Introduction

Initiatives to adopt more sustainable approaches have been 
evolving over the last decades. The sustainability improve-
ment, initially focused on obtaining lower environmental 
impacts through modifying specific characteristics in the 
design of individual products (Ryan et  al. 1992; Fiksel 
1996), has progressively extended towards larger systems, 
in which sustainability is considered as an holistic challenge 
(Azapagic et al. 2016; Ceschin 2016). Throughout this pro-
gression, the life cycle perspective has become the base of 
a multitude of concepts and tools to calculate and analyse 
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environmental impacts in a system as well as to find solu-
tions that can lead to reducing this impact. ISO standard 
(ISO 2006) defines the product life cycle as a succession of 
interconnected stages, beginning from the stage of raw mate-
rial obtaining in the product creation to end-of-life stage, in 
which activities of recycling or waste processing are car-
ried out. According to this life-cycle approach, the life cycle 
assessment (LCA) technique (ISO 2006a, b) was developed 
to evaluate environmental impacts, and eco-design meth-
odology (Brezet and Van Hemel 1997; Wimmer and Züst 
2003) was applied to improve environmental behaviour of 
product systems.

Applying the sustainable approach not only means tak-
ing into account environmental impacts but also introduc-
ing socio-ethical principles and models economically fea-
sible. Thus, to assess the sustainability of a system, three 
dimensions looking simultaneously at economic aspects, 
environmental issues and social concerns should be con-
sidered (WCED 1987; UNCED 1992). According to this 
approach, the life cycle sustainability assessment (LCSA) 
methodology (Kloepffer 2008; Finkbeiner et al. 2010) com-
bines three techniques to effectively assess the sustainabil-
ity of a system: the Environmental Life Cycle Assessment 
(E-LCA) to examine environmental issues, the Life Cycle 
Costing (LCC) to evaluate economic aspects and the Social 
Life Cycle Assessment (S-LCA) to get social impacts. LCSA 
is based on the same structure of four phases that is already 
applied in LCA: (i) goal and scope definition; (ii) life cycle 
sustainability inventory; (iii) life cycle sustainability impact 
assessment; and (iv) interpreting LCSA results.

In the case of environmental dimension, a number of 
impact categories are usually considered, and different 
indicators are used to express environmental impact scores 
according to individual (midpoint level) or aggregated (end-
point level) characterization (Goedkoop 2013; Huijbregts 
2016). Indicators commonly used in LCC calculate the com-
ponents of life cycle costs but other direct indicators such 
as annualized costs and the value added from activities, and 
indicators that apply investment analysis techniques like the 
internal rate of return, are also used (Wulf et al. 2019). In the 
case of social impacts, six stakeholder categories (workers, 
consumers, local community, society, value chain actors and 
children) are considered by the UNEP’s guidelines (UNEP 
2020), and different indicators can be used in each category 
depending on the context of the study. Some initiatives to 
combine indicators referred to different dimensions have 
been carried out, e.g. the eco-costs analysis (Vogtlander 
et al. 2017) and the eco-efficiency indicators, which is the 
efficiency of economic activities in generating added value 
from the use of resources (Maxime et al. 2006). In addition, 
tools to facilitate the communication of global sustainability 
results have been proposed, e.g. the Life Cycle Sustainabil-
ity Triangle and the Life Cycle Sustainability Dashboard 

(Finkbeiner et al. 2010) as well as different approaches to 
improve the use and adaptation of the LCSA for scientific 
application such as the tier approach (Neugebauer et al. 
2015).

The LCSA method is considered by numerous authors 
(Valdivia et  al. 2013; Lacasa et  al. 2016; Fauzi 2019; 
Santolaya et al. 2019) as an adequate framework to evaluate 
impacts in different sustainability dimensions. However, 
LCSA has been mainly used in product systems and its 
application to service systems and other systems, in which 
products and services are combined, is limited. A number of 
recent investigations, in which the sustainability of a service 
is studied, are summarized in Table 1. We can observe that 
very different activities in both private and public sectors are 
analysed and comparing different scenarios of alternatives 
of service operation is a typical objective. For example, 
(Zheng et al. 2019) study three different alternatives of a 
pavement maintenance service, and (Arias 2020) analyse both 
centralized and decentralized wastewater treatment service or 
(Casson 2020) compare two alternatives of food-street service. 
Only some stages of the service life cycle are usually analysed. 
Those activities carried out in the service creation, as well 
as actions developed when service operation is finished, are 
almost not taken into account. In addition, results are focused 
on the environmental dimension while socio-economic data 
are obtained in very few cases (Nurhadi et al. 2017; Zheng 
et al. 2019). Thus, more investigations about service systems 
with a life cycle perspective and including both economic and 
social indicators are necessary.

As is exposed by Ashford and Hall (2011), products 
and services are different modes of delivering satisfaction 
although products, which are generally considered to be 
material in nature, are substantially different from services, 
which are generally considered to be immaterial and are con-
sumed right away or very near the time of the market trans-
action. Both forms of satisfaction involve different actors 
and some sort of infrastructure (or institutional arrangement) 
in which the products and services are provided and conse-
quently consumed. From a business development perspec-
tive, a wide number of works consider that products and 
services can be combined with the aim of fulfilling specific 
consumers’ needs and generating value (Boehm and Thomas 
2013; UNEP 2015). The resulting systems are denominated 
as product-service systems (PSS) and suppose a new way of 
interaction between companies and customers. PSS are inte-
grated solutions of dependent products and services produc-
ing a satisfactory utilitarian result. Several categories can be 
identified: product-oriented services, use-oriented services 
and result-oriented services (Tukker 2015).

In this work, a wider perspective of combining products 
and services related with the production and consumption 
activities is considered. This is based on every product 
involving some kind of service provision and every service 

99The International Journal of Life Cycle Assessment  (2022) 27:98–121

1 3



is based on the use of several support products (Brezet 
2001). Thus, services and products can be treated as parts 
of larger systems, in which a net of flows and connec-
tions between involved systems can be established. These 
interconnected systems are denominated P + S systems 
in this work. A foreground system (FS) or main system 
object of study, and background systems (BS) or systems 
that support FS in different stages of its life cycle, can be 
recognized (Muñoz et al. 2020). Assessing the sustain-
ability of a system implies defining a suitable functional 
unit (FU), which characterizes the system performance 
and allows the adequate communication of sustainability 
results (Doaulle et al. 2015). In the case of P + S systems, 
in which a FS can be established, FU should be defined 
taking into account that FS is the main system object of 
study.

Approaches used by researchers to achieve more sustain-
able products or services are usually based on Eco-design 
methods. A broad range of techniques and tools, which could 
be used in different phases of the product creation process, 
were already introduced to support the development of more 
sustainable products (Bovea and Pérez-Belis 2012; Buchert 
et al. 2014; Andriankaja et al. 2015). The application of 
sequential phases and the designation of sustainability 
milestones after completing each phase is a common prac-
tice to project more sustainable solutions. (Crul and Diehl 
2009) recommend the design for ustainability (D4S) guide 
to integrate sustainability aspects in the design process of 
systems. It is supported in four main phases: policy formu-
lation, idea finding, strict development and realization. In 
addition, impacts associated with each sustainability dimen-
sion are considered. (Gagnon et al. 2012) propose the use 
of the Integrated Sustainable Engineering Design Process 
(ISEDP) to address the design process of more sustainable 
systems. This practical approach, supported by life cycle 
assessment methods, is also introduced by (Santolaya et al. 
2019) to project more sustainable products.

Studies dedicated to improve the sustainability of more 
complex systems are still in early development. With a 
focus on a satisfaction-based economy, PSS are considered 
as promising sustainable solutions able to reduce resource 
consumption. PSS are also understood as means to achieve 
a circular economy from service-based value proposi-
tions (Tukker 2015; Sousa-Zomer and Cauchick 2018; Da 
2020). Research works have been initially carried out with 
the aim of integrating environmental criteria in the PSS 
design process (Van 2005). Furthermore, methods for the 
integrated development of products and services (Aurich 
et al. 2006) and strategies for modelling product-service 
relationships based on collaborative networks (Sun 2010) 
have been explored. More recently, socio-ethical issues have 
been introduced referring to PSS design for sustainability 
(Vezzoli et al. 2014).

Nevertheless, a wide number of difficulties are found to 
design, test and implement these systems in which prod-
ucts, services and networks of stakeholders who create, 
provide or manage the PSS have to be simultaneously 
considered. On one side, more in-depth studies to solve 
design challenges associated with fulfilling final customer 
needs’ should be performed. On the other hand, methods 
integrating complementary approaches are required to 
address the sustainability of these systems. In particular, 
the combination of different methods to evaluate and ana-
lyse the effects of strategic decisions on the sustainability 
of connected systems is necessary to project more sustain-
able solutions.

In this work, an approach integrating different methods 
is applied to achieve sustainability assessment and project 
sustainability improvements in P + S systems. The meth-
odological framework, on which this research is based, is 
shown in Fig. 1. On the one hand, the development, imple-
mentation and sustainable design of PSS has been reviewed, 
and problems, such as the interconnectivity of the systems 
involved, have been addressed. On the other hand, methods 
to assess sustainability of systems taking into account the 
life cycle perspective and conventional models of product 
design and development have been examined. Methodolo-
gies such as eco-design, Environmental Design of Industrial 
Products (EDIP), D4S or ISEDP, applied to obtain more 
sustainable products and services, have been reviewed. The 
detailed explanation of the approach applied and results 
obtained in two different case studies are shown in the fol-
lowing sections.

2  Methods

The sustainability improvement of systems composed of 
products and services interconnected (P + S systems) is 
addressed by integrating different methods and approaches, 
such as is shown in Fig. 1. Links of multi-compound systems 
are identified applying the flows between system approach, 
sustainability of each system involved is evaluated using 
LCSA method and effective improvement strategies are pro-
posed according to the systematic and logical sequence of 
engineering design methodology. This integrative approach 
can be applied to achieve the sustainability improvement of 
P + S systems through the systematic development of four 
phases (Fig. 2):

2.1  Phase 1: Identification of links between systems 
involved

According to the flows between system approach, a net 
of connections between product and service systems can 
be established within a P + S system, and two kinds of 
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systems (FS and BS) can be differentiated. Thus, a P + S 
system is integrated by a bundle of systems, in which a 
number of BSs are required or generated along the FS life 
cycle. Three main stages (Creation, Use/Provision, End of 

life) can be considered in the life cycle of each product/
service system. Links between systems are established, 
and specific stages of each system are analysed according 
to the depth and the breadth of the research.

Fig. 1  Methodological framework Integration of different methods and approaches to improve the sustainability of P + S systems

Fig. 2  Phases to improve the sustainability of P + S systems
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2.2  Phase 2: Sustainability assessment of the P + S 
system

LCSA methodology is applied in four steps. First, the goal 
and scope are established and FU is determined. Next, inven-
tory data of the initial P + S system are obtained through 
different data collection procedures. Then, environmental, 
economic and social dimensions are evaluated using a set of 
suitable indicators. Finally, results are analysed determining 
the relative incidence of each system and the most signifi-
cant impact factors.

2.3  Phase 3: Application of sustainability strategies

Strategies to improve P + S system sustainability should be 
proposed without compromising initial specifications and 
taking into account sustainability results obtained in the 
previous phase. In addition, strategies associated with the 
improvement of both environmental and socio-economic 
aspects should be applied. A number of alternatives or 
scenarios can be analysed in order to reduce the impact of 
different factors. Sustainability indicators of the alternative 
P + S system are obtained applying LCSA.

2.4  Phase 4: Comparing sustainability results

Indicators of the initial and alternative P + S systems are 
compared to detect if improvements have been obtained. The 
parallel presentation of individual indicators as well as the 
use of an aggregated sustainability index to obtain a global 
evaluation can be carried out. In this case, three main meth-
ods for weighting indicators can be used: equal weighting, 
statistic-based weighting and expert opinion-based weight-
ing (OECD 2008; Gan et al. 2017). Weights determined by 
expert opinion reflect criteria to value each sustainability 
dimension of stakeholders and trained participants.

To quantitatively evaluate impacts for each sustainability 
dimension, a set of indicators has been selected in this work. 
These are defined in Table 2. The environmental dimension 
is assessed by the global warming potential  (GWP100) indi-
cator, which represents total emissions of greenhouse gases 
and the global energy (GE) indicator, which counts energy 
consumptions due to both electricity and fuels. The total 
execution costs  (CE) to develop an activity and the value 
added (VA) or net operating profit are used to evaluate the 
economic dimension. Finally, the workers are selected as 
the main stakeholders’ category, and the social dimension 
of sustainability is valued by the quantifiable indicators of 
working time  (TW) or time required to carry out an activity 
and workers salary  (SW) that represents labour costs along 
the activity development.

Specific software and various databases were used to 
determine sustainability indicators of two different P + S Ta

bl
e 

1 
 (c

on
tin

ue
d)

A
ut

ho
rs

Se
rv

ic
e 

an
al

ys
ed

O
bj

ec
tiv

e
Sc

op
e

M
et

ho
do

lo
gy

R
es

ul
ts

(A
rz

ou
m

an
id

is
 e

t a
l. 

20
19

)
Po

lli
na

tio
n 

se
rv

ic
e

To
 id

en
tif

y 
th

e 
m

os
t c

rit
ic

al
 

ph
as

es
 o

f t
he

 li
fe

 c
yc

le
Pr

od
uc

tio
n,

 p
ac

ka
gi

ng
,  

di
str

ib
ut

io
n 

an
d 

w
as

te
 tr

LC
A

; s
en

si
tiv

ity
 a

na
ly

si
s

Pr
od

uc
tio

n 
an

d 
di

str
ib

ut
io

n 
st

ag
es

 a
re

 th
e 

m
os

t i
m

pa
ct

fu
l 

fo
r t

he
 m

os
t e

nv
iro

nm
en

ta
l 

ca
te

go
rie

s
(A

ria
s 2

02
0)

W
as

te
w

at
er

 tr
ea

tm
en

t s
er

vi
ce

A
na

ly
si

s o
f s

er
vi

ci
ng

  
ce

nt
ra

liz
ed

 a
nd

  
de

ce
nt

ra
liz

ed

O
pe

ra
tio

n 
st

ag
e

LC
A

; s
en

si
tiv

ity
 a

nd
  

un
ce

rta
in

ty
 a

na
ly

si
s

D
ec

en
tra

lis
ed

 sy
ste

m
s a

re
  

re
co

m
m

en
de

d 
es

pe
ci

al
ly

 fo
r 

ne
w

 d
w

el
lin

g 
de

ve
lo

pm
en

ts
(C

as
so

n 
20

20
)

St
re

et
 fo

od
 se

rv
ic

e
To

 c
om

pa
re

 th
e 

en
vi

ro
nm

en
ta

l  
im

pa
ct

 o
f t

w
o 

al
te

rn
at

iv
es

R
aw

 m
at

er
ia

ls
 a

nd
 o

pe
ra

tio
n 

st
ag

es
LC

A
El

ec
tri

ci
ty

 c
on

su
m

ed
, o

il 
 

us
ed

 to
 fr

y 
an

d 
cu

sto
m

iz
ed

  
str

uc
tu

re
 a

re
 th

e 
hi

gh
er

 
ho

ts
po

ts
(L

iu
 e

t a
l. 

20
20

)
U

rb
an

 fo
od

 d
el

iv
er

y 
se

rv
ic

e
To

 e
va

lu
at

e 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s o

f d
iff

er
en

t  
co

m
pa

ni
es

Pr
od

uc
tio

n,
 d

el
iv

er
 a

nd
 w

as
te

LC
A

; S
ur

ve
ys

; K
er

ne
l d

en
si

ty
 

an
al

ys
is

Pa
pe

r b
ox

es
 g

en
er

at
e 

th
e 

 
m

os
t s

er
io

us
 e

nv
iro

nm
en

ta
l 

po
llu

tio
n

103The International Journal of Life Cycle Assessment  (2022) 27:98–121

1 3



systems, in which the service provided by a clothing bou-
tique and the development of an itinerary exhibition are, 
respectively, the main system objects of study. Being as dif-
ferent product and service systems are combined in each case 
study, a lot of data types need to be managed. In the case 
of the clothing boutique, environmental as well as socio-
economic data of the store in which the service is provided 
were obtained using the Cype software (usually applied in 
construction projects), and the database of the International 
Environmental Product Declarations (EPD) System was 
used to obtain energy consumptions and greenhouse gas 
emissions along the clothes manufacturing process.

In the case of the itinerant exhibition, the CEX software 
was applied to evaluate energy consumptions in heating and 
cooling processes associated with the service development 
in each destination, and the emission factors of electric 
commercial companies (Mapama 2018) were used to 
evaluate greenhouse gas emissions from both electric 
and fuel consumptions. A truck-based transport service 
was considered to move the materials exhibited between 
destinations. In addition, GaBi ts 9.2 software (Education 
(EPD 2020) and ProBas (v.1.5.5) database (UBA 2007) were 
used to obtain environmental indicators of different materials 
and products; data on construction and demolition waste 
management in recycling plants operating in Spain were 
consulted in (Villoria 2014), and, finally, working times and 
workers’ salaries were determined in accordance with the 
International Trade Union Confederation (ITUC 2016).

3  Case studies

Two different P + S systems, in which FS are, respectively, 
a service dedicated to selling clothes in the centre of a big 
city and a cultural service, in which historical themes are 
temporarily exhibited in different destinations, are analysed. 

In each case, a more sustainable P + S system is projected 
applying the four phases previously exposed.

3.1  Case 1. Clothing boutique

First, the case of a clothing boutique, in which personalized 
attention to customers is provided and high quality garments 
are sold, is the object of study. Service is provided by only 
two workers, and people with a medium–high purchasing 
power are usual customers.

3.1.1  Identification of links between systems involved

Sustainability study is addressed taking into account that 
service provision in the clothing boutique is identified as 
FS and the store, in which the service is operated and the 
clothes acquired by the service provider are product systems 
involved in the service development. These are designated, 
respectively,  BS1 and  BS2 (Fig. 3). Construction and dis-
mantling processes of the clothing store are, respectively, 
studied in the creation and end of life stages of the service 
life cycle. In addition, the clothes production process is con-
sidered. The distribution system from the textile industry to 
the clothing boutique is not included within this research. 
FU is a customer visit in which clothes are acquired.

3.1.2  Sustainability assessment of the P + S system

A detailed study of the service performance was carried out 
in order to obtain inventory data. Service is provided by two 
workers, each one working 38.5 h weekly. Their activities 
were classified into the following groups: clothes preparation 
(reception and unpacking of the articles provided from the 
textile industry, classification, labelling and ironing of the 
garments received), exhibition and storage, test and fix of 
clothes (individual attention to customers to select the most 

Table 2  Sustainability indicators used in this work

Environmental dimension

Global warming (GWP100) (Kg  CO2-eq) Global energy (GE) (MJ)

Total emissions of the greenhouse gases computing the radiative forcing 
over a time horizon of one hundred years

Energy consumption due to electricity and net calorific value of 
fuels

Economic dimension
Execution costs (CE) (€) Value added (VA) (€)
Total cost to execute an activity
It includes costs of materials, processes and other resources

Difference between revenues and costs
It represents the net operating profit obtained from the development 

of an activity
Social dimension
Working time (TW) (h) Workers salary (SW) (€)
Time developing an activity
It depends on the times consumed and resources used in each task car-

ried out in the activity

Salary of the workers involved in the development of an activity
It also represents labour costs
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suitable clothes), sale with customer charge and packaging, 
and other activities such as cleaning and service manage-
ment. Data of materials used as well as energy consump-
tions by different equipment were collected over 1 year. In 
addition, the working times in each activity were estimated 
and the costs associated with the service operation were 
obtained. Operational costs included clothing acquisition 
costs, labour, consumable (materials used in packaging, 
stitching or cleaning activities as well as energy consump-
tions) and indirect costs (insurance and rent payments and 
clothes, energy and consumables taxes). All data, expressed 
per customer visit, are summarized in Table 3. A total of 336 
visits were quantified during the reference year.

Two clothing collections (winter and summer) of approxi-
mately 800 items each one are bought each year by the ser-
vice provider. The EPD database and ITUC Report were 
reviewed to obtain clothes manufacture data. In addition, 
data of the type of clothes sold (upper parts or lower parts) 
and their distribution of material compositions were gath-
ered for a period of 1 month (approx. 106 pieces). The most 
similar upper and lower parts available in EPD to the most 
representative clothes sold in the boutique were selected. The 
EPD for ISKO26632 item finished denim fabric jeans, which 
are made of 50% cotton fibre, 5–25% man-made fibres and 
40% regenerated fibres, was applied to half of the clothes 
procured, and the EPD for t-shirt 7046 THV, which are made 
of 45% polyester and 55% cotton, was applied to the other 
half of clothes The materials obtaining and manufacturing 
processes were considered. The raw materials extraction 
stage of jeans includes harvesting of cotton, extraction of 
man-made fibres, processing into warp and weft yarns and 
extraction and production of the chemicals. The manufac-
turing processes include the transport of raw materials to 
the factory, clothes production, impacts generated by fuel 

burned, impacts due to the electricity burned, impacts due to 
the electricity production and transport within the production 
plant. On the other hand, the raw material extraction stage of 
t-shirts is referred to production of fibres, pre-treatments and 
production of other materials like packaging and the manu-
facturing processes stage involves the transport to the factory, 
spinning, knitting, assembly and packaging of clothes. The 
execution costs of both trousers and t-shirts are referred to 
material costs, overhead costs and workers salary.

The transformation of an empty space into a properly 
equipped store of 65.3  m2 was conducted in the service 
creation stage. Different materials were used, and a set 
of construction activities was developed. Standard EN 
15804:2012 + A2:2019 (2019) was applied to establish the life  
cycle phases of the construction product. Therefore, phases 
referred to the extraction of raw material, transport and 
manufacture, as well as those related with the transport of 
materials to the construction site and final construction or 
installation activities, were taken into account as part of the 
store creation stage. Data of materials needed, energy con-
sumptions, execution costs and labour times along the store 
construction process were obtained by means of Cype soft-
ware. A summary of these data, classified into six groups of 
activities (facades, partitions, facilities, coatings, furniture 
and others), is presented in Table 3.

In addition, the store dismantling was considered 
after 10 years of service operation. The following phases 
were analysed: deconstruction process, onsite waste seg-
regation, transport and appropriate management of dif-
ferent waste categories. Wastes were classified in three 
main groups: stone, non-stone and potentially hazardous. 
The determination of costs associated with waste man-
agement was carried out based on the work of (Villoria 
2014), in which different costs of segregation, transport 

Fig. 3  Case 1: Clothing 
boutique. Scheme of systems 
involved
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to the recycling plant and deposition activities are evalu-
ated depending on the volume of material managed. In 
this case, waste separation in origin fulfilling RD105/2018 
and transport to the recycling plant assuming a distance of 
5–10 km from the worksite were considered. Data of mass, 
energy consumptions and costs according to type of waste 
are summarized in Table3.

Sustainability was evaluated using the indicators previ-
ously defined in Table 2. Data obtained, expressed per cus-
tomer visit, are shown in Table 4. Indicators of the P + S 
system are obtained as the sum of those calculated in each 
involved system. Values of 31.86  KgCO2-eq and 690.68 MJ 
are, respectively, obtained for the  GWP100 and GE indica-
tors. Service operation, store construction and clothes pro-
duction generate total costs of 399.52 € and global VA of 
106.17 €. If the social dimension is reviewed, accumulated 
working times and salaries by the service providers and 
workers required in store construction and clothes manu-
facture are, respectively, 18.25 h and 134.04 €. Reviewing 
the sustainability indicators of the store  (BS1) and clothes 
 (BS2) systems, we observe that their relative contribution 
to the P + S indicators is notably different. A total service 
operation time of 10 years is considered using  BS1. Thus, the 
relative incidence of the store system is much smaller. We 
can also observe that  BS2 causes high environmental impact 
and FS activities generate high social indicators.

Figure 4 shows the relative incidence of each system on 
the P + S sustainability indicators. The percentage distribu-
tion of  GWP100,  CE and  Tw is, respectively, represented in 
Figs. 4a, b and c. In addition, the FS incidence is broken 
down into different factors. It is observed that greenhouse 
gas emissions due to clothes manufacture accounts for 82.2% 
of the total P + S emissions and are much higher than those 
due to consumables, electricity consumption (9.4%) and 
construction/dismantling of the store (8.4%). In addition, 
costs referred to indirect costs and labour in FS are, respec-
tively, 39.9 and 28.9% of the total P + S costs and are higher 
than those due to clothes manufacture (23.5%) and construc-
tion/dismantling of the store (2.3%). While, if  Tw indicator is 
reviewed, we observe that clothes manufacture accounts for 
36.2% of the accumulated working time but activities car-
ried out along the service provision as testing and fixing of 
clothes (23.9%), clothes preparation (17.2%) and exhibition 

and storage (9.8%) have also significant incidence in this 
social indicator.

3.1.3  Application of sustainability strategies

Different sustainability strategies, which do not compromise 
the initial FS specifications, are proposed. First, a strategy 
to reduce the incidence of the most relevant impact factor in 
the P + S system is suggested. Hence, the amount of clothes 
acquired to the textile industry by the service provider is 
reviewed. Since each year approximately 20% of the initial 
merchandize supplied from the textile industry is not sold 
and must be marketed in other ways, a decrease of 10% on 
articles acquired in each clothing collection (a total of 80 
items) is planned. This strategy is designated Str1. Next, 
some changes in furniture design and distribution are pro-
jected in order to reduce the working time of the service 
providers in activities such as the exhibition and storage of 
clothes. These changes are shown in Fig. 5, in which both 
the usual route made by the workers to move clothes from 
the storage area upstairs to the point of sale (Fig. 5a) and 
the new boutique design are exposed (Fig. 5b). The use of 
furniture without doors or drawers is proposed to facilitate 
the clothes exhibition, and the use of three different heights 
is planned to reduce the number of trips from the storage 
area for the service providers. This strategy is named Str2.

Inventory analysis and subsequent sustainability assess-
ment, was carried out applying each of these strategies. The 
resulting sustainability indicators, expressed per customer 
visit, are summarized in Table 5. It can be noted that Str1 
affects the impact of  BS2 and Str2 affects the impact of  BS1, 
but also both strategies affect sustainability indicators of 
FS, due to the links between systems. At the same time, 
significant variations are detected in the indicators of the 
P + S system.

Str1 considerably affects the  BS2 impact so that indicators 
of this system reduce 10%. In addition, significant changes 
are noted in FS since a lower number of clothes have to be 
prepared, classified or ironed along the service operation. 
Relative reductions of 5.5 and 1.8% are obtained in envi-
ronmental indicators of FS. A substantial improvement of 
VA is also calculated due to the reduction in the number of 
clothes acquired by the service provider and, consequently, 

Table 4  Case 1: Clothing 
boutique Sustainability 
indicators of the initial P + S 
system (data expressed per visit)

Environmental dimension Economic dimension Social dimension

Initial
system

GWP100
(Kg  CO2-eq)

GE
(MJ)

CE
(€)

VA
(€)

TW
(h)

SW
(€)

(FS) Service 2.74 62.04 261.77 100.48 11.49 85.67
(BS1) Store 2.22 25.92 9.25 0.55 0.16 2.77
(BS2) Clothes 26.90 602.72 128.50 5.14 6.59 45.60
P + S 31.86 690.68 399.52 106.17 18.25 134.04
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in clothing acquisition costs. The relative variations of sus-
tainability indicators in each system give rise to significant 
variations in the indicators of the P + S system. Environmen-
tal indicators reduce around 8.9%. In the economic dimen-
sion,  CE reduces 5.7% and VA increases 45.8%. While, in 
the social dimension  Tw and  Sw indicators reduce, respec-
tively, 6.3 and 3.4%. On the other hand, Str 2 increases the 
 BS1 impact since some reforms have to be implemented in 
the clothing store, but supposes that  Tw indicator of FS can 
be improved, since exhibition and storage activities can be 
facilitated through suitable changes in furniture design and 
distribution. The increase of the  BS1 indicators does not 
exceed 2%, while the  Tw indicator of FS reduces around 1%. 
The small variations estimated in the sustainability indica-
tors of each system also cause very small changes (< 0.1%) 
in the indicators of the P + S system.

It is considered that strategies 1 and 2 could be short-
term implemented taking into account the current operation 
of the service. Another type of strategy could be planned if 
the service operation was transferred to another location. In 
particular, the incidence of materials and activities with high 
impact in the construction process of the store system could 

be reviewed. For example, the replacement of the silicate 
paint by limewash can be projected in the coating activities.

3.1.4  Comparing sustainability results

First, a parallel presentation of sustainability indicators is car-
ried out in Fig. 6. The percentage variations obtained in each 
involved system are shown, taking into account that both sus-
tainability strategies are applied. Significant improvements in the 
indicators of the P + S system are found. If environmental indica-
tors are reviewed, reductions of 8.8% are obtained, due mainly 
to the application of strategy 1, which affects environmental 
impact of  BS2 (decrease of 8.4%). In the economic dimension, 
execution costs are reduced in FS and  BS2 when strategy 1 is 
applied (2.53 and 3.22%, respectively). Costs increase due to the 
application of the strategy 2 but this is relatively small (0.01%). 
A reduction of 5.7% is finally obtained in the  CE indicator. The 
substantial improvement of VA indicator is mainly due the fact 
that the clothes acquisition costs are reduced due to the applica-
tion of Str1, while it is considered that revenues can be main-
tained in FS. An increase of 45.8% is obtained in the VA indica-
tor. Significant variations are also detected in social indicators. 

Fig. 4  Case 1: Clothing boutique. Percentage distribution of factors affecting sustainability indicators of the initial P + S system
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The application of both sustainability strategies supposes that 
 TW of the P + S system reduces 6.9% and, particularly, a posi-
tive effect is achieved in the working time of service providers, 

which reduces 3.3%. However, a reduction is also detected in the 
 SW indicator since a smaller number of clothes are manufactured 
applying the strategy 1.

Fig. 5  Case 1: Clothing bou-
tique. Applying the sustainabil-
ity strategy 2 (a) Usual route of 
the service providers within the 
store. (b) Changes in furniture 
design

Table 5  Case 1: Clothing 
boutique Sustainability 
indicators of the P + S system 
applying sustainability 
strategies (data expressed per 
visit)

Environmental dimension Economic dimension Social dimension

GWP100
(Kg  CO2-eq)

GE
(MJ)

CE
(€)

VA
(€)

TW
(h)

SW
(€)

Strategy 1
(FS) Service 2.59 60.92 251.65 149.64 11 85.67
(BS1) Store 2.22 25.92 9.25 0.55 0.17 2.77
(BS2) Clothes 24.21 542.45 115.65 4.63 5.93 41.04
P + S 29.02 629.29 376.55 154.82 17.10 129.48

Strategy 2
(FS) Service 2.74 62.04 261.77 100.48 11.37 85.67
(BS1) Store 2.24 26.08 9.28 0.56 0.17 2.80
(BS2) Clothes 26.90 602.72 128.50 5.14 6.59 45.60
P + S 31.88 690.84 399.55 106.18 18.13 134.07

Strategy 1 + Strategy 2
(FS) Service 2.59 60.92 251.65 149.64 10.88 85.67
(BS1) Store 2.24 26.08 9.28 0.56 0.17 2.80
(BS2) Clothes 24.21 542.45 115.65 4.63 5.93 41.04
P + S 29.04 629.45 376.58 154.82 16.98 129.51
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In order to obtain a global sustainability evaluation tak-
ing into account indicators of each dimension, an aggre-
gated index is calculated. Four cases are analysed accord-
ing to the following assumptions: C1, equal importance 
of each sustainability dimension, and C2–4, one sustain-
ability dimension is set as dominant and equal importance 
is suggested to the rest. A weight of 0.5 is allocated to the 
dominant dimension, and 0.25 is assigned to the other two 
dimensions. The global sustainability improvement index 
is calculated by weighting the percentage variation of the 

indicators calculated for each sustainability dimension. 
Both, percentage variation of each indicator and global 
sustainability improvement index, are calculated in the 
cases where Str1 and Str2 are individually applied as well 
as if the two strategies are combined. Results obtained are 
shown in Table 6.

In all cases, a positive result is obtained for the global 
sustainability improvement index. Thus, strategies pro-
posed are considered effective to improve the sustainabil-
ity of the P + S system. It can be noted that Str1 provides 

Fig. 6  Case 1: Clothing boutique Comparing sustainability indicators of the initial and alternative P + S systems
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a higher percentage of improvement than Str2. In addi-
tion, Str2 generates a positive result in the P + S system, 
particularly in the case in which social dimension is more 
important. The positive effect in FS of this strategy bal-
ances the negative impact of  BS1. If both strategies are 
combined, the highest sustainability improvement (15.5%) 
is obtained in C3 (economic dimension has the highest 
weight coefficient).

3.2  Case 2. Itinerary exhibition

In this case, the sustainability of an itinerary exhibition, in 
which historical contents are exposed, is the object of study. 
After its inauguration in Madrid, the exhibition will travel 
to seven different European destinations (Valencia, Lyon, 
Luxembourg, Munich, Zurich, Turin and Barcelona), staying 
for 6 months in each of them.

3.2.1  Identification of links between systems

The development of this cultural service (FS) is supported 
by the contents to exhibit as well as by those elements used 
in the suitable transformation of a total area of approxi-
mately 2500  m2, in which exhibition will be carried out. A 
transport service to move materials between destinations is 
also required. Exhibition space layout and transport service 
are designated, respectively,  BS1 and  BS2 in this P + S sys-
tem (Fig. 7). The manufacture of artefacts, showcases and 
audiovisual content used in the itinerary exhibition are not 
included within this research. FU is a visit to the exhibition.

3.2.2  Sustainability assessment of the P + S system

Inventory has been carried out using primary data col-
lected during the creation, provision and end of life stages 

Table 6  Case 1: Clothing 
boutique Sustainability 
improvement of the P + S 
system applying sustainability 
strategies

Envir. dimension Econ. dimension Social  
dimension

GWP100 GE CE VA TW SW Sustainability improvement 
(%)

Weight coefficient Str1 Str2 Str1 + Str2

C1 0.166 0.166 0.166 0.166 0.166 0.166 12.05 0.10 12.14
C2 0.25 0.25 0.125 0.125 0.125 0.125 11.26 0.06 11.32
C3 0.125 0.125 0.25 0.25 0.125 0.125 15.48 0.07 15.55
C4 0.125 0.125 0.125 0.125 0.25 0.25 9.40 0.16 9.55

Variation of indicators in the P + S system (%)
Str1 8.92 8.88 5.75 45.81 6.31  − 3.4
Str2  − 0.06  − 0.02  − 0.008 0.006 0.64  − 0.02
Str1 + Str2 8.86 8.86 5.74 45.82 6.95  − 3.38

Fig. 7  Case 2: Itinerary 
exhibition. Scheme of systems 
involved
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of the exhibition in the first destination (Table 7). The 
exhibition is open every day for 11 h during 6 months. 
Activities of ticketing, public attention, coordination, gift 
shop and cloakroom are developed in two shifts of 5.5 h 
each day. The security of the exhibition is organized in 
three shifts of 8 h (3 workers in each one), and cleaning 
activities (including daily vacuuming of the carpet) are 
carried out before opening in one shift of 3 h. Exhibition 
development is conditioned by the suitable lightning, heat-
ing and cooling of the exhibition area. Energy consump-
tions were calculated by means of CEX software using 
building characteristics and location data. A total number 
of 300,385 visits were registered during 6 months in the 
first destination of the exhibition. Each visitor spent on 
average 3.25 h, and an elevated number of visitors (70%) 
make use of an audio guide system. It is estimated that 
the audio-guides were used for 682,500 h and were loaded 
around 34,125 times.

The temporary arrangement of the exhibition area 
involves the construction of a modular walls system with the 
printed material exposed on them (printed and cut-out vinyl) 
as well as covering the floor with a polyamide carpet. A total 
of 415 modules of 1 × 3x0.2 m each one, are conveniently 
distributed in the exhibition area. The structure is made of 
wood slats, joined by dowels and adhesives and later cov-
ered with medium-density fiberboard (MDF) panels. Printed 
vinyl (372.87  m2) and cut-out vinyl (83.73  m2) are attached 
in some of these modules. A polyamide carpet thickness 
6 mm, fixed with a flooring adhesive, is used to cover the 
floor in the exhibition hall. To prevent damage during mod-
ule assembly and painting processes, the carpet includes a 
plastic protector, which is retired before the inauguration.

The manufacturing process, transport to the exhibition 
hall and assembly on site of the modular walls system were 
examined. The sequence of activities performed by the team 
of carpenters as well as the materials required to the full 
preparation of the exhibition area was determined (Díez 
2019). Data are summarized in Table7. In each destination, 
dismantling activities after the exhibition was closed were 
also analysed. Since the current exhibition performance is 
not based on the reuse of materials in a new location, these 
are classified into appropriate categories and transported to 
waste management plants. On the other hand, the transport 
of artefacts (historical objects and art pieces), showcases, 
wallcases and frameworks as well as reproductions, facsimi-
les, models etc. between different destinations is carried out 
through 110 flying cases and 3 trucks. A total volume of 
172.55  m3 and a total weight of 19,600 kg are transported 
an average distance of 578.14 km.

Sustainability indicators were evaluated for each sys-
tem involved. A total of eight destinations are considered. 
Results obtained, expressed per exhibition visitor, are pre-
sented in Table 8. Values of 0.61  kgCO2-eq and 8.44 MJ are, 

respectively, obtained for the  GWP100 and GE indicators of 
the P + S system. Execution costs of 2.36€ are calculated. 
Taking into account that the average ticket price is 8€, a 
value added of 5.67€ is obtained. Moreover, accumulated 
working times and salaries by those workers involved in the 
P + S system development (service providers, workers car-
rying out the exhibition area layout and transporters) are, 
respectively, 0.123 h and 1.205 €.

Figure 8 shows the relative incidence of different systems 
and factors on the sustainability indicators of the initial P + S 
system. If the  GWP100 indicator is reviewed (Fig. 8a), we 
can observe that the relative incidence of  BS1 is notably 
higher than that calculated for other systems. In particular, 
raw materials used in the exhibition space layout accounts 
for 61.9% of the total greenhouse gas emissions. It is mainly 
because of the large number of MDF panels used in the 
construction of the modular walls system and the amount 
of polyamide used to cover the floor. Another factor affect-
ing significantly the  GWP100 indicator is the thermal and 
lighting conditioning of the exhibition area (33.17%). While, 
the relative incidence of the transport system  (BS2) is quite 
small. If the total costs indicator is reviewed (Fig. 8b), we 
observe that costs associated with the hired staff along the 
exhibition performance have the highest impact (70.29%) 
and costs due to the use of raw materials in the previous 
preparation of the exhibition space are also relatively impor-
tant (18.05%). On the other hand, Fig. 8c shows the percent-
age distribution of working times between workers involved 
in the P + S system. It is observed that activities involved 
in the preparation of the exhibition space and transport of 
material take a relatively small time in the comparison to 
working hours of the FS employees.

3.2.3  Application of sustainability strategies

Strategies to improve P + S system sustainability should 
not compromise its initial specifications. Particularly, the 
itinerary exhibition requires that the assembly/disassembly 
activities could be easily carried out in each destination. It is 
also necessary to keep specific aesthetics giving an illusion 
of continuity in the exhibition space. From the operational 
point of view, it is important to ensure appropriate atten-
tion to visitors and to guarantee the security of the contents 
exhibited.

Reviewing the sustainability results obtained in the previ-
ous analysis, a significant impact factor is the raw materi-
als used in the exhibition space layout. These materials are 
discarded after the exhibition finishes at each destination 
so that a new modular walls system (415 modules) and a 
new carpet (around 2500  m2) have to be manufactured in 
each location. Thus, the use of a new modular wall system 
that could be transported and reused in different locations is 
proposed as a sustainability strategy (strategy 1). The new 
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modular wall system consists of standard anodized alumin-
ium profiles assembled with quick joints and covered with 
two panels made of polyester fabric with a silicone guide 
in its contour. The fabric will be printed so there will be no 
need to attach vinyl on it. Since the walls won’t be painted 
and assembly will be done dry, a 3-mm thick carpet made 
of polyester without a protector is proposed to cover the 
technical floor. The carpet is fixed with flooring adhesive. 
Applying this strategy, most of the elements used in the 
exhibition room preparation can be reused in the follow-
ing destinations (Fig. 9). Only the carpet and textile panels 
containing text (10% have to be replaced because of the lan-
guage change) are newly manufactured in the second and 

subsequent locations where the exhibition is open. Finally, 
the appropriate management of different wastes is carried 
out as the exhibition finishes at the last destination. The total 
volume of materials, which is required throughout 8 destina-
tions, is greatly reduced from 793.3 to 99.1  m3. Materials 
can be transported in 2 trucks, which are included in the 
transport service.

On the other hand, the analysis of the affluence of the 
visitors revealed that the most visits were taking place on 
weekends (Friday, Saturday and Sunday—5%) and the less 
frequented day was Monday with 5% of visits, mostly in the 
afternoon. Only 1.4% of visits have taken place on Mon-
day morning. Thus, it is proposed to close the exhibition on 

Table 8  Case 2: Itinerary 
exhibition Sustainability 
indicators of the initial P + S 
system (data expressed per visit)

Environmental dimension Economic dimension Social dimension

Initial system GWP100
(Kg  CO2-eq)

GE
(MJ)

CE
(€)

VA
(€)

TW
(h)

SW
(€)

(FS) Service 0.22 3.84 1.783 5.64 0.1151 1.143
(BS1) Exhibition 

space layout
0.38 4.45 0.57 0.03 0.0077 0.060

(BS2) Transport 0.009 0.13 0.01 0.0006 0.0005 0.002
P + S 0.609 8.42 2.363 5.67 0.1233 1.205

Fig. 8  Case 2: Itinerary exhibition. Percentage distribution of factors affecting sustainability indicators of the initial P + S system

114 The International Journal of Life Cycle Assessment  (2022) 27:98–121

1 3



Monday mornings and to transfer Monday morning ticketing 
to the rest of the week. This strategy aims to reduce energy 
consumption as well as reduce working times in case of tick-
eting, public attention, coordination, gift store and cloak-
room. The working time of the security and cleaning crew 
stays unchanged in order to guarantee the same safety and 
hygiene conditions for both artefacts and the public attend-
ing the exhibition.

The evaluation of sustainability indicators for each sys-
tem was carried out applying the sustainability strategies 
exposed previously. Results, expressed per visit, are sum-
marized in Table 9. The reuse of the modular wall system 
considerably affects the impact of  BS1, but  BS2 indicators 
are also affected since this new system has to be transported 
between different destinations. Impacts of  BS2 increase, 
while a substantial improvement is obtained in the environ-
mental indicators of  BS1. As a result, environmental indi-
cators of the P + S system reduce (approximately 50%). A 

significant reduction is also noted in  CE (14%). Variations 
around 2% are only obtained in other indicators. On the other 
hand, as strategy 2 is applied, small changes are detected in 
sustainability indicators of FS. Reductions of 4.4% in  Tw 
and 1.8% in GE can be noted. A lower environmental impact 
is not achieved because the thermal conditioning must be 
assured in the preventive conservation of the contents to 
exhibit.

If both strategies were simultaneously applied, significant 
variations could be obtained in the indicators of the P + S 
system. The greenhouse gas emissions decrease from 0.61 
to 0.28  KgCO2-eq, the execution costs reduce from 2.363 
to 2.021 € and the working times decrease from 0.123 to 
0.113 h. Further study was conducted to know if the pro-
posed strategies could cause improvements in the sustain-
ability of the P + S system if different scenarios of itiner-
ary exhibition development are established. In particular, 
two scenarios, in which some changes affecting exhibition 

Fig. 9  Case 2: Itinerary exhibi-
tion. Reuse of elements in the 
exhibition conditioning

Table 9  Case 2: Itinerary 
exhibition Sustainability 
indicators of the P + S system 
applying sustainability 
strategies (data expressed per 
visit)

Environmental  
dimension

Economic  
dimension

Social dimension

GWP100
(Kg  CO2-eq)

GE
(MJ)

CE
(€)

VA
(€)

TW
(h)

SW
(€)

Strategy 1
(FS) Service 0.22 3.84 1.783 5.98 0.1151 1.143
(BS1) Exhibition space layout 0.04 0.65 0.22 0.01 0.0025 0.019
(BS2) Transport 0.0015 0.22 0.02 0.001 0.0008 0.003
P + S 0,275 4,71 2,023 5,991 0,12 1,17

Strategy 2
(FS) Service 0.217 3.77 1.781 5,65 0.1100 1.143
(BS1) Exhibition space layout 0.38 4.45 0.57 0.03 0.0077 0.060
(BS2) Transport 0.009 0.13 0.01 0.0006 0.0005 0.002
P + S 0,606 8,35 2,361 5,68 0,12 1,21

Strategy 1 + Strategy 2
(FS) Service 0.217 3.77 1.781 5.99 0.1100 1.143
(BS1) Exhibition space layout 0.04 0.65 0.22 0.01 0.0025 0.019
(BS2) Transport 0.015 0.22 0.02 0.001 0.0008 0.003
P + S 0.272 4.64 2.021 6.001 0.1133 1.165

Strategy 1 + Strategy 2 in different scenarios
P + S (S1) 0.25 4.33 1.95 6.06 0.1116 1.154
P + S (S2) 0.32 5.30 2.06 5.95 0.1158 1.175
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destinations, are considered. Scenario 1 (S1) assumes that 
the number of exhibition destinations reduces to only four 
cities along a total period of 4 years (the exhibition will be 
open for 12 months in each location). Scenario 2 (S2) sup-
poses that those cities, in which the opening was initially 
planned, are changed (taking into account that all are Euro-
pean destinations), so that the distance between destinations 
increases to four times. Both scenarios assume that the total 
number of visitors does not change. The resulting P + S indi-
cators obtained in each scenario are summarized in Table 9. 
Results show that the sustainability of the alternative P + S 
system can be considerably affected. If the organization of 
the itinerary exhibition reduces the number of destinations 
increasing the opening time (S1), some improvements are 

noted in sustainability indicators. However, if the changes 
proposed by the organization entail the increase of the dis-
tance between destinations (S2), the positive effect obtained 
by the sustainability strategies decays. Percentage variations 
are compared below.

3.2.4  Comparing sustainability results

Considerable improvements are obtained in the indicators 
of the P + S system as sustainability strategies are applied. 
Percentage variations for each involved system are shown 
in Fig. 10. We observe that a very significant improvement 
of  BS1 indicators is produced because the use of materials 
is significantly optimized and fewer workforces are required. 

Fig. 10  Case 2: Itinerary exhibition. Comparing sustainability indicators of the initial and alternative P + S systems
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The relative improvement in  GWP100, GE and  Tw indicators 
are, respectively, 89, 61.4 and 67.5%. Meanwhile,  BS2 indica-
tors increase because not only the artefacts will be transported 
between destinations but also the alternative modular walls 
system. The relative increase of  BS2 indicators is very impor-
tant in some cases (66,67% in  GWP100 and GE indicators). If 
FS indicators are reviewed, relative reductions of 1.39, 0.12 
and 4.4% are, respectively, obtained in  GWP100,  CE and  TW 
indicators. These variations detected in each system give rise 
to significant variations in the indicators of the P + S system. 
 GWP100 and GE reduce, respectively, 54.5 and 44.8%. A sig-
nificant reduction of 14.4% is calculated for the  CE, while an 
increase of 5.6% is calculated for VA. In the social dimension, 
 TW and  SW reduce 8.1 and 3.3%, respectively. Therefore, strat-
egies can be considered effective to improve sustainability of 
the P + S system, especially in the case of the strategy 1, which 
affects  BS1 (with a high relative incidence in the P + S system).

The sustainability of the alternative P + S system is also 
analysed establishing two different scenarios (S1 and S2), in 
which the itinerary exhibition could be developed. Figure 11 
shows results obtained in both cases. Percentage variations 
of sustainability indicators are comparatively expressed 
considering the contribution of each system involved. Thus, 
changes in the incidence of BSs can be noted. We observe 
that the most positive results are obtained if the alterna-
tive P + S system is developed in the S1 conditions. In this 
case, the impact of both  BS1 and  BS2 reduces. This positive 
effect adds to the already achieved applying strategy 1, so 
that improvements of 58.4, 17.3 and 9.4% are, respectively, 
achieved in  GWP100,  CE and  TW with respect to the initial 
P + S system.  TW can be improved because working times 
in both transport service and assembly/disassembly activi-
ties associated with the preparation of the exhibition area 
significantly reduce. Therefore, this scenario in which the 

Fig. 11  Case 2: Itinerary exhibition. Comparing sustainability indicators of the P + S system considering different scenarios
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development of the itinerary exhibition happens in fewer 
destinations and with opening longer periods at each destina-
tion is favourable to improve its sustainability.

On the other hand, if the alternative P + S system is devel-
oped in the S2 conditions, a negative effect is detected. The 
percentage contribution of  BS2 increases, so that a higher 
impact is estimated in environmental indicators, as well as 
in  CE and  TW indicators. Nonetheless reductions of 47.92, 
12.51 and 6.08% are, respectively, obtained in  GWP100,  CE 
and  TW indicators with respect to the initial P + S system. 
This unfavourable scenario, in which the distance between 
destinations is considerably increased, allows us testing the 
efficiency of the strategies proposed to improve the sustain-
ability of the system under study and providing criteria to 
carry out sustainability-oriented decision making.

4  Conclusions

Methods to achieve sustainability improvements in prod-
uct systems have been already developed and implemented 
along the last decades. However, much of the production 
and consumption activities are based on the development of 
more complex systems composed of products and services 
(P + S systems). In this work, an approach that contributes to 
project more sustainable P + S systems has been developed. 
The integration of different methods and tools has been car-
ried out to properly describe them, to achieve a quantitative 
sustainability assessment with a life cycle perspective, to 
apply effective sustainability strategies and to analyse both 
individual and global effects of strategic decisions.

A methodological scheme organized in four phases has 
been applied. First, the identification of different systems 
(FS and BSs) and their specific connections is carried out. 
Next, sustainability of each system is evaluated taking 
into account environmental and socio-economic aspects. 
In addition, the relative incidence of each system and the 
most significant impact factors are determined. Then, dif-
ferent strategies to achieve sustainability improvements are 
applied. Finally, sustainability indicators of both initial and 
alternative P + S systems are compared to value the effects 
of each strategy.

This approach with a clear and defined structure, has 
been implemented in two different P + S systems, in which 
FS are, respectively, a service dedicated to selling clothes 
in the centre of a big city and a cultural service, in which 
historical themes are temporarily exhibited in different des-
tinations. In the first case, the clothes commercialized and 
the store in which the service is developed are product sys-
tems involved in the P + S system. In the second case, the 
exhibition space layout and the transport service to carry all 
materials between destinations are also considered. Thus, 
the involved systems have been identified, and the scope of 

the study has been defined applying the first phase of the 
method.

In the second phase, sustainability of the P + S systems 
has been assessed using LCSA methodology. Sustainability 
indicators have been expressed using FU, which is referred to 
the FS established in each case. Thus, the relative incidence 
of each system in the sustainability of the P + S system has 
been determined providing suitable criteria to project more 
sustainable alternatives. In addition, indicators of different 
sustainability dimensions have been evaluated, providing data 
hardly found in research works, usually focused only on one 
or two sustainability dimensions. The 10 Consensus Princi-
ples of the LCSA (Valdivia et al. 2021) establish a practical 
harmonization to promote the use of this methodology. While 
the application of some of these principles has been already 
achieved in this study (alignment with ISO 14040, material-
ity of the system boundaries, consistency and transparency), 
the application of other principles has been limited, and its 
progressive incorporation represents a challenge for the future 
studies in which the sustainability assessment of P + S systems 
was addressed. Besides the workers’ category, social demands 
of customers are being currently analysed in order to take into 
consideration the perspectives of key stakeholders.

The challenge of proposing sustainability strategies tak-
ing into account the three sustainability dimensions is car-
ried out in the third phase. In the clothing boutique case, 
strategies such as the reduction of clothes acquired by the 
service provider and changes in furniture design and dis-
tribution are planned. In the second case study, one of the 
improvement strategies is focused on the design of a new 
wall system for the temporary arrangement of the exhibition 
area, which could be reused in each different location where 
the exhibition will be developed. Sustainability indicators of 
alternative P + S systems are evaluated and variations due to 
the interconnection of systems are detected.

Finally, the effects of applying sustainability strategies 
are analysed through the parallel comparison of indicators 
and the use of an aggregated sustainability index. Sub-
stantial improvements are found in the clothing boutique 
case if the amount of clothes acquired by the service pro-
vider to the textile industry reduces. Changes in furniture 
design and distribution allows reducing the working time 
of the service providers. If both strategies are combined, 
the global P + S system sustainability is improved even 
considering different weight coefficients for each sustain-
ability dimension. In the itinerary exhibition case, the 
application of strategies also supposes a positive effect on 
the P + S sustainability, especially if the strategy consist-
ing in reuse of the walls system can be implemented. Both 
positive and negative effects are, respectively, detected in 
the exhibition space layout and the transport service, but 
the global P + S sustainability is improved, even if differ-
ent scenarios are considered.
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In both cases, the application of the approach proposed 
has been useful and effective to project sustainability 
improvements in complex systems composed of products 
and services. Considerable effort has been devoted to the 
identification of interconnections between systems involved 
and the determination of its relative incidence in the global 
P + S sustainability. Nevertheless, the number of systems, 
which have been analysed in each case, has been limited. In 
the same way, the sustainability study of the social dimen-
sion has been only based on the workers’ category. In order 
to apply appropriate sustainability strategies, a wider num-
ber of systems should be included in the study, and the 
impacts of other key stakeholder categories should be also 
considered. The analysis of extensive interconnected sys-
tems and the selection and evaluation of appropriate indi-
cators associated with different stakeholder categories are 
significant challenges for the researchers.

In addition, the simultaneous improvement of the three 
sustainability dimensions is not achieved in all cases in 
which sustainability strategies are applied. In these cases, 
the use of a global sustainability index can be a practical 
method to value the convenience of the strategy applied, 
and weights assigned to each sustainability dimension 
will be determinant to consider if a final improvement is 
obtained. Different weights can be established according 
to the preferences of the decision makers, so it is desir-
able the application of harmonized criteria as well as the 
use of suitable multi-criteria decision making methods to 
determine the result of the strategies implemented. Further 
investigations should be carried out not only to implement 
sustainability strategies in a wider number of complex sys-
tems currently in operation but on the elaboration of a suit-
able methodology to design new sustainable P + S systems.
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