J. Inf. Technol. Appl. Manag. 29(5): 1~12, October 2022 ISSN 1598-6284 (Print)
https://doi.org/10.21219/jitam.2022.29.5.001 ISSN 2508-1209 (Online)

Industry 4.0, Circular Economy, and Tourism

Alfonso Vargas-Sanchez*

Abstract

This research is situated at the intersection between industry 4.0, circular economy and tourism, in
an attempt to observe the fourth industrial revolution at the service of the application of circular
economy principles in the tourism industry. This approach has gained importance due to the COVID-19
pandemic, which has accelerated fundamental dynamics of change linked to business digitization and
environmental sustainability. Within the theoretical framework delimited by the aforementioned
intersection, the ‘goCircular Radar’ project, launched by ‘TheCircularLab’, from Ecoembes (Spain), has
been taken as an empirical reference. Among the 165 startups in the circular economy sector, special
attention has been paid to those that are oriented, or have a potential application, to tourism. The
activities they carry out are described, with particular attention to the technologies they use and their
contribution to circularity.
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1. Introduction

The interest in applying the principles of
the circular economy to tourism is certainly
recent and is taking place in an environment
of technological disruption that can be framed
in what is known as the revolution 4.0". In
this context, it is clear that new technologies
are essential to advance towards a new model
of circular tourism, as a path towards environ-
mental sustainability. In the words of
Gaztelumendi et al. (2019, 73): “The circular
economy and the technological revolution are
intrinsically linked and are inseparable phe-
nomena’.

As Ostojic [2016) points out, the fourth in-
dustrial revolution is characterised by the
confluence of three major factors: the techno-
logical advances of ‘industry 4.0"; the change
of the economic model from a linear model,
based on make-use-dispose’, towards a circu-
lar, sustainable and responsible one: and the
need to effectively address the threat of cli-
mate change. In turn, the main characteristic
of industry 4.0", says the aforementioned au-
thor, is the interconnection of processes, prod-
ucts and services through the massive and in-
tensive use of mobile Internet, sensors and
artificial intelligence, allowing the opti-
misation of energy efficiency, reliability and
the availability of products and services
across different industries.

Consequently, this paper is situated at the
intersection between ‘industry 4.0", the circu-
lar economy and tourism, with the aim of dem-
onstrating how the technological develop-
ments of the fourth industrial revolution are
driving the application of the principles of the
circular economy, as a branch of the science
of sustainability (Geissdoerfer et al., 2017],
in the tourism sector. This approach applied

to the tourism industry has gained prom-
inence as a consequence of the COVID-19 pan-
demic, which has accelerated fundamental
change dynamics mainly linked to digital-
isation and environmental sustainability.

To this end, within the theoretical frame-
work delimited by the aforementioned inter-
section, set out in the following section, a ser-
ies of experiences is presented based on the
‘goCircular Radar project, recently launched
by Ecoembes” TheCircularLab’, in Spain. As
of 30 September 2021, 165 startups in the cir-
cular economy sector have been participating
in the project, with special attention paid to
those that are oriented, or have a potential
application, to the tourism industry. The ac-
tivities carried out by these startups are de-
scribed, with particular attention to the tech-
nologies they use and their contribution to
circularity.

Specifically, after the aforementioned theo-
retical framework, a description is given of
the startups in the circular economy sector
in Spain. Next, some examples of real or poten-
tial application to tourism are shown, after
which the conclusions reached are set out.

2. Literature Review

Tourism 4.0 is the manifestation of the
fourth industrial revolution, or industry 4.0,
in the tourism sector.

The generic term ‘industry 4.0  is used to
technologically qualify organisations’ value
chains, referring to the ability to integrate
complex machines and devices with net-
worked sensors and software. While there is
no unanimous definition of this concept, the
term ‘industry 4.0" often encompasses modern
automation systems, data exchanges and
technologies that address digital transfor-
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mation, with the ability to transform existing
business models in many sectors [Sari, 2018],
including tourism. As Lu [(2017) points out,
two key factors emerge in the fourth industrial
revolution: integration and interoperability,
i.e., the ability of two systems to understand
each other and use each other’s functionality
to exchange data and share information and
knowledge.

On this basis, ‘tourism 4.0" is defined
(Pencarelli, 2020, 457) “as the new tourism
value ecosystem based on the high-tech serv-
ice production paradigm and characterised by
the same six common principles of industry
4.0": (a) interoperability, guaranteed by the
standardisation of communication codes: (b)
virtualisation, through which cybernetic sys-
tems can control physical processes: (¢) de-
centralisation, in which each computer or
technological device has autonomous decision
making capability even within centrally-con-
trolled procedures: (d) real-time data collec-
tion and analysis capability: (e) service ori-
entation, towards customers both internal
and external to organisations: (f) modularity,
which allows flexible adaptation to changes
through the substitution and/or expansion of
individual modules”.

In short, it is clear that the advent of the
fourth industrial revolution, the development
of technological devices and the Internet are
having a profound impact on the tourism
industry. In the era of ‘tourism 4.0, the digital
revolution is changing the behaviour of tou-
rists, businesses and destinations, projecting
them towards a ‘smart perspective. As
Pencarelli (2020, 459) argues, “digitalisation
has significantly changed the travel and tour-
ism industry, transforming it into a ‘smart’
sector; in other words, an innovative and tech-

nologically advanced sector that is fully im-

mersed in the paradigm of industry 4.0".

Indeed, tourism 4.0" has led to a new man-
agement paradigm known as ‘smart tourism’,
which, on the basis of an advanced digital
space, makes possible the application of a da-
ta-intensive logic of all kinds for problem anal-
ysis and decision-making in order to improve
the tourist experience and the quality of life
of residents in host communities, with the val-
ues of innovation and sustainability as guides
(Vargas-Sanchez, 2016).

On the one hand, therefore, the concepts
of ‘tourism 4.0 and ‘smart tourism’, as shapers
of this industry [(Vargas-Sanchez and Saltos,
2019]), revolve around new digital tech-
nologies, as a technical platform that allows
the convergence of both. But, on the other
hand, there are some characteristics that dif-
ferentiate them. Thus, while tourism 4.0 re-
fers mainly to the hardware and software re-
quirements of technologies, ‘smart tourism’
refers to an innovation-oriented use of the
Internet and Information and Communication
Technologies (ICTs), aimed at combining
technological, human and management re-
sources in search of economic, social and envi-
ronmental sustainability. ‘Smart tourism’ im-
plies, for example, “paying particular atten-
tion to sustainable mobility, social cohesion,
protection of people’s privacy, and opti-
mization of waste management as well as wa-
ter and energy consumption in tourist loca-
tions” (Pencarelli, 2020, 460). This character
of smartness serves as a link to the other key
topic in this work: the circular economy
(circularity in the tourism economy). The fig-
ure below (No. 1) aims to show the relationship
between all these concepts.

The circular economy, as an alternative to
the unsustainable linear model to which we
are heirs, could be defined as one in which
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the value of products, materials and resources
are kept in the economy for as long as possible,
minimising the generation of waste. This re-
quires the creation of circular and smart eco-
systems (Perfetto and Vargas-Sanchez, 2018)
through collaboration between companies and
other agents, even from different sectors
(Vargas-Sanchez, 2020c). To this end, Ritchie
and Freed [2021) talk about the 6Rs of circu-
larity: Reject (say no to what is not needed),
Reduce (use fewer inputs or use them for lon-
ger), Remanufacture (extend the useful life
of products), Reuse (find other uses for them),
Recycle (give materials a new life) and Rot
(return them to the earth).

INDUSTRY 4.0
TOURISM 4.0

l [ priNciPLES:

*Re
| SMARTTOURISM | | CIRCULAR ECONOMY | ifeuse.

SUSTAINABILITY
(SDGs)

<Figure 1> Theoretical Framework

Consequently, the circular economy re-
defines growth patterns, gradually decou-
pling economic activity from the consumption
of finite resources and removing waste from
the system. It is thus recognised as a sustain-
able growth strategy [(Ellen MacArthur
Foundation, 2015) and a key response in the
necessary evolution/transformation of com-
panies towards sustainable business models
(Bocken and Short, 2021). However, authors
such as Sgrensen et al. [2020) highlight the
difficulty of the transition towards a circular
perspective in tourism, a consequence of the
large number of actors involved and the he-
donistic consumption model that character-
ises this activity.

In terms of the transition towards a circular
economy model and its application to the tour-
ism industry, the technological revolution re-
ferred to (or 4.0) is a key contributor to deep-
ening the application of circular economy
principles to tourism. Thus, Mazilescu (2019],
in his overview of how emerging technologies
can underpin the development of tourism and
travel, states that the dematerialisation of
the economy will be accelerated through a
transition to a circular economy favoured by
the new industrial revolution. In the same
vein, Gaztelumendi et al. (2019) state that
it is in this paradigm of technological revolu-
tion that the circular economy applied to tour-
ism has been born.

For Ramos and Brito (2020], the techno-
logical development of ‘tourism 4.0 and the
circular economy must go hand in hand in or-
der, from the point of view of environmental
sustainability, to advance in the fulfilment
of the Sustainable Development Goals of the
2030 Agenda of the United Nations Organisat-
ion, such as Nos. 11 (sustainable cities and
communities), 12 (responsible consumption
and production), 13 (climate action), 14 (life
below water) and 15 (life on land). In this
sense, Pan et al. (2018) present the case of
the ‘Green Island’ in Taiwan, understanding
the circular economy as a restorative and re-
generative economy, whose design is oriented
towards maintaining as much as possible the
use of resources, as well as their value,
throughout their life cycle: therefore, mini-
mising waste and converting them into val-
uable products.

Along these lines, Pencarelli [2020) consid-
ers that, in the near future, it will not be possi-
ble for tourism ecosystems and territories to
take only digital innovations into account,
rather they will have to include smart tourism
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perspectives such as sustainability, the circu-
lar economy, quality of life and social value.
However, although smart tourism and the
circular economy intuitively interconnect, as
they both focus on sustainable value creation,
their mutual implications have not been suffi-
ciently investigated [Del Vecchio et al., 2021].
Positioning themselves in this gap, these au-
thors, through the case of Ecobnb (https://
ecobnb.com), present how these two para-
digms (smartness and circularity) are inex-
tricably intertwined to achieve greater levels
of sustainability (economic, social and envi-
ronmental) in the field of tourism, helping to
understand that, in effect, these are two fun-
damental lenses when it comes to managing
complexity and driving tourism companies
and destinations towards innovation in busi-
ness models and sustainable value creation
processes. The aforementioned integration is
proposed as the way to overcome the obso-
lescence of traditional management models in
tourism companies and destinations, consid-
ering smart tourism and the circular economy
as key levers to drive a paradigm shift in this
sector [Del Vecchio et al., 2021).
Ultimately, being smart also means being
sustainable: the label of smart tourism cannot
be attributed without a sustainability record
to back it up. Likewise, a company or a destina-
tion cannot be considered competitive today
unless it develops in a sustainable manner,
for which the circular economy is a seemingly
inevitable path (Vargas-Sanchez, 2018, 2021).

3. Startups in the Circular Economy Sector
in Spain

To approach the map of startups related to
the circular economy in Spain, we will take
as a reference the compilation available within

the ‘goCircular Radar project of TheCircularLab’,
promoted by Ecoembes.

Ecoembes is a non-profit business-based or-
ganisation, created in 1996 and located in Madrid,
whose mission is to provide society with a collec-
tive response from economic agents to environ-
mental issues related to the consumption of house-
hold packaged products, achieving compliance
with the objectives set by law, with the greatest
efficiency in the use of the company's resources.
Among its initiatives is TheCircularLab
(https://www.thecircularlab.com/en/), which,
born in 2017 and based in the city of Logrofio,
is defined as an open innovation centre speci-
alised in the circular economy, which focuses
its activity on the study, testing and develop—
ment of best practices in the field of packaging
and its subsequent recycling. To this end, it
addresses all phases of the life cycle of pack-
aging: from its conception, through eco-de-
sign, to its reintroduction into the consumer
cycle through new products.

TheCircularLab launched the ‘goCircular
Radar’ project in 2021, conceived as an open
innovation community for startups and en-
trepreneurs in the circular economy sector.
This community aims to bring together start-
ups that, related to the circular economy, have
a clear focus on innovation. The requirements
are threefold: to be established and be less
than 10 years old: to have a high level of in-
novation in their products or business model:
and to offer a portfolio of solutions or products
that can contribute to the circular economy
(https://radar.thecircularlab.com/) .1

1) However, there are older cases (albeit very few) in
their database and the link between some of their records
and the circular economy is doubtful or not evident
(sometimes the circular economy and sustainability
seem to be confused). As for the level of innovation,
its measurement is difficult, if not subjective.
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Although the startups included in ‘goCircular
Radar’ are almost all national, their geo-
graphical scope is not limited to Spain.
Specifically, of the 165 companies registered
at the end of September 2021, 151 are Spanish:
the remaining 14 registrations are mainly dis-
tributed between the Netherlands (5) and the
United Kingdom (3).

At the regional level, the Autonomous
Communities that dominate are the Commun-
ity of Madrid (41), Catalonia (33) and the
Community of Valencia (20), followed by
Andalusia (14).

Most of them were set up from 2017 onwards
(one hundred in total, i.e., 60.6%), with 2020
being the year with the highest number of reg-
istrations (35, 21.2%). The oldest are from
2009 (1) and 2010 (1).

The main areas of activity are manufactur-
ing (one third, 33.3%) and technology devel-
opment (23.0%). Between them, they account
for more than half of the registered startups
(see (Table 1)).

{Table 1) Main Areas of Activity

Frequency | Percentage

Consulting 19 11.5
Distribution and logistics 2 1.2
Financing 1 0.6
Industrial services 4 2.4
Manufacturing 55 33.3
Online store 17 10.3
Other activities 21 12.7
Retail 7 4.2
Technology development 38 23.0
Training 1 0.6

Total 165 100.0

Source: own elaboration.

In terms of the stage of the value chain in
which they operate, their distribution is fairly
balanced, namely, in order of importance: re-

cycling and second life (38.2%), eco-design,
new materials and manufacturing (32.1%). as
well as consumption and general public
(29.7%).

Finally, the electronics and ICT value chain
is the most frequented (13.9%), although the
dispersion is large in this respect. More details
in (Table 2.

(Table 2> Value Chain

Frequency | Percentage

Building and construction 9 55
Electronics and ICTs 23 13.9
Others 68 41.2
Packaging 16 9.7
Plastics 15 9.1
Textile 15 9.1
Vehicles and batteries 1 0.6
Water, food and nutrients 18 10.9

Total 165 100.0

Source: own elaboration.

A case that clearly exemplifies the con-
vergence between industry 4.0 and the circu-
lar economy is that of Interitem S.L., a tech-
nology company founded in 2015 and based
in Gandia (Valencia). As can be seen on its
website (https://qrtracing.com/), its main
activity consists of the development and com-
mercialisation of software based on solutions
for moving towards a circular economy model
in industry 4.0. Specifically, they have a pa-
tented system, called QRtracing, which, by
reading QR codes, allows the integral and
geo-located control and traceability of pack-
aging, containers and other industrial assets
in real time. The data collected is processed
through a dynamic cloud platform accessible
from any device connected to the Internet.
Apart from other functionalities, from the
point of view of circularity, it allows the status
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and location of each asset to be known in order
to facilitate its reuse, avoiding possible
cross—contamination, or the management of
its recycling.

It is also worth mentioning RDNest S.L.,
a technology-based startup owned by the
University of Valladolid and whose activity
began in January 2017. It is located in the
Castilian-Leonese capital (Valladolid). They
define their main activity as the development
of hardware and software solutions in the field
of the Internet of Things, Industry 4.0 and
Artificial Intelligence with an application in
circular economy projects (among others).
Waste management is part of its sectorial sol-
utions, through container filling sensors, cal-
culation of optimal collection routes, and tools
for task planning support. There are also those
linked to events, providing information on the
flow of people in theme parks and shopping
centres, the location of children in large facili-
ties, as well as venue information and visitor
guidance. More information can be found on
its website (https://rdnest.com).

Others such as Orbisk, although of Dutch
origin, will be mentioned below, with refer—
ence to some elements of their business

models.

4. Some examples of potential application
to tourism

Among all the startups registered in
‘goCircular Radar’, we extract some of them
whose activities are oriented, or have a poten-
tial application, to the tourism sector. These
are reflected in (Table 3).

Their respective main activities are sum-
marised below:

(1) Economia Circular Canarias (https://
economiacircularcanarias.com/) offers:
training in the circular economy and
sustainability (accommodations, res-
taurants, artisans, companies in gen-
eral); circular economy projects in dif-

ferent areas such as gastronomy, sus-

tainable tourism, sustainable mobility,

(Table 3) Startups with Solutions Potentially Applicable to Tourism Companies and Destinations

Name . . . . ..
(alphabetical order) Value chain Stage in the chain Main area of activity
(1) Economa Circular Others Con;umptlon and general Training
Canarias public
(2) Orbisk Watgr‘, food and Congumptlon and general Technology development
nutrients public
(3) Sloowy Others Eco-design, new materials Technology development
and manufacturing
(4) Sorbos Watgr‘, food and Congumptlon and general Manufacturing
nutrients public
(5) Sostenibles Network Wat(?r, food and Cons.umptlon and general Online store
nutrients public
(6) Souji Others Recycling and second life Manufacturing
(7) Sunny-tots Others Recycling and second life Retail
(8) Yo aprovecho Watgr‘, food and Congumptlon and general Other activities
nutrients public

Source: own elaboration.
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(3)

the circular economy for companies in
general: consultancy for public admin-
istrations and private companies as a
service that advises on the im-
plementation of circular actions: direc-
tories of the circular economy and sus-
tainability organisations: disseminat-
ing the latest news on the circular econ-
omy in Europe, Spain and the Canary
Islands.

The Dutch company Orbisk (https://
www.orbisk.com) claims to have devel-
oped the world’s first fully automated
food waste monitor. The waste bin of
hospitality units (e.g., Eurostars hotel
chain), catering companies, etc., is
equipped with a scale and a smart
camera. The camera runs an Artificial
Intelligence (AI) algorithm for image
recognition that identifies ingredients,
recording what and how much food is
wasted, as well as when and why. This
information can be used to find and opti-
mise inefficiencies in the food supply
process. Through an action-oriented
dashboard, it helps to balance portions,
optimise storage and plan more
efficiently. This will result in sig-
nificant economic value due to savings
in purchasing, personnel and waste dis-
posal, as well as utility costs. In this
way, food waste can be avoided, esti-
mating an annual saving of more than
4,000 kilos of food waste for a me-
dium-sized restaurant, valued at be-
tween €20,000 and €60,000, which
would result in a net margin improve-
ment of up to 4%.

Sloowy (http://sloowy.com/) is based on
‘BeachSharing’, a digital model in which

the customer only pays for the minutes

~

=

=

~

they use, avoiding the need to go loaded
to the beach and reducing the environ-
mental impact on the coastline. The
company installs its bases at the main
access points to the beach and the cus-
tomer only has to pick up their chair
and/or umbrella via an app.
According to the company, Sorbos
(https://www.wearesorbos.com) man-
ufactures the first edible and aromatic
straws on the market.

Sostenibles Network (www.marketsos
tenibles.es) offers an online market-
place of small sustainable producers for
direct sales to the end customer and the
HORECA channel. It works with na-
tional producers and artisans carefully
selected for their good practices in
sustainability. Within their network,
they have started to identify SMEs in
the agri-food sector that are applying
circular economy approaches.

Souji (https://souji.es/) is an in-
novative liquid that, when mixed with
used cooking oil in the correct pro-
portions and shaken for 1 minute,
transforms it into an environmentally
friendly and pleasant smelling mul-
ti-purpose detergent. Without caustic
soda or any handling risks, the custom-
er does the mixing. Its function is to
promote the recycling and reuse of
waste oil from the point of origin,
whether private homes or catering es-
tablishments, thus promoting the cir-
cular economy.

Sunny-tots (https://www.sunny-tots.com/)
gives a second life to consumer products
by renting out family equipment for
travellers (pushchairs, highchairs, trav-
el cots, etc.).
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(Table 4) Technologies 4.0 at the Service of Circular Economy Objectives

Startups Technologies 4.0 Circular Economy Objectives
Orbisk Al alggr}thm for image Reducing food waste (*)
recognition
Sloowy Mobile App Reuse of beach chairs and umbrellas through a sharing

economy model

Sostenibles Network

E-commerce

Environmental regeneration through direct sales of
sustainable products to the end consumer (**)

Sunny-tots

Web

Re-use of children’'s products for travellers (by rental,
delivery and collection)

Yo aprovecho

Mobile App

Reducing food waste

See: (*) https://www.youtube.com/watch?v=bxd T6Xr0g To&t=65s

(*x) https://www.youtube.com/watch?v=zIfINWK8&pA

Source: own elaboration.

(8) Yo aprovecho (https://yoaprovecho.
com) is a free mobile app that sells sur-
plus food from catering and food
businesses. These are products in per-
fect condition that, due to their best-be-
fore date, cannot be sold the following
day. These foods are offered for sale at
reduced prices on the app. This avoids
waste and reduces greenhouse gas
emissions, while at the same time
boosting purchases in local businesses.

In addition, let us look a little more closely
at those companies with a stronger techno-
logical component ({Table 4)).

5. Conclusions

As Centobelli et al. [2020] point out, re-
search at the intersection between the circular
economy and digital innovation has high-
lighted how key enabling technologies of in—
dustry 4.0 can be useful to accelerate some
circular economy objectives and enhance sus-
tainable competitiveness and smart growth.
However, how companies can practically ap-
ply these technologies to achieve specific cir-

cular economy objectives remains a research
question to be explored, with a marked lack
of empirical evidence at the level of, for exam-
ple, their impact on business models
(Vargas-Sanchez, 2020a).

Focusing on the startups related to the cir-
cular economy that are most closely linked
to technological development and tourism, the
preliminary conclusion is that the use of the
most innovative technologies is at an early
stage, still focused, with some exceptions, on
mobile apps and e-commerce solutions. The
potential for growth in the application of tech-
nologies 4.0, therefore, remains very large.

In terms of its use for the implementation
of circular economy principles in the tourism
sector, the reduction of food waste has emerged
as the most focused objective so far. However,
it is pertinent to note that the technological
factor is not the only one to be considered in
achieving this. As Chawla et al. (2021) point
out, factors such as the business model and
brand strategy must also be taken into ac-
count, as they directly determine operational
routines and staff behaviour in this area.

Business models based on the prod-
uct-as-a-service concept (pay-as-you-go or
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rental) are also spreading in the tourism sec-
tor, with the idea of facilitating travellers’
journeys while promoting the reuse or second
life of products that do not need to be pur-
chased or brought to the destination. In this
respect, it is relevant to consider the steps
proposed by Ritchie and Freed (2021) to devel-
op a circular business structure, namely:
identify possible material loops (inventory
material flows in the organisation and identify
those that can be optimised): consider in-
novative business models (circular sourcing,
resource recovery, product life extension,
sharing platforms, product as a service): in-
volve employees and other stakeholders
(brainstorm with employees, establish links
with the local community, involve customers,
etc.): develop a message (create a narrative
for your circular economy strategy to engage
more stakeholders): test and learn (compare
and improve).

Finally, some notes on the limitations of
this study and future lines of research that
could be opened. It is clear that its merely
descriptive and static nature confines its con-
tributions to the presentation of a snapshot.
Observing its evolution over time would be
necessary to detect trends. In addition, com-
plementing the quantitative description with
qualitative approaches would favour the un-
derstanding of the opportunities and chal-
lenges that the convergence between industry
4.0 and the circular economy are representing
for the tourism sector, as well as explain how
they are being addressed, in line with the re-
search agenda proposed by Vargas-Sanchez
(2020Db].
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