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Abstract
This paper investigates under which conditions implementation of Industry 4.0 in the hos-
pitality sector could help to combat climate change. The paper takes the form of a system-
atic literature review to examine the main pillars of Industry 4.0 in the hospitality industry 
and discuss how these technologies could help combat climate change. We propose five 
conditions under which Industry 4.0 could help to combat climate change. First, in the hos-
pitality industry, increased use of Industry 4.0 technologies induces an increase in energy 
efficiency and a reduction of GHG. Second, increased use of Industry 4.0 technologies 
induces a reduction in water consumption and an increase in water use efficiency. Third, 
increased use of Industry 4.0 technologies induces a reduction in food waste. Fourth, 
increased use of Industry 4.0 technologies can promote Circular Hospitality 4.0. Fifth, 
increased use of Industry 4.0 technologies helps to reduce transport and travel. Hospitality 
Industry 4.0 technologies offer new opportunities for enhancing sustainable development 
and reducing GHG emissions through the use of environmentally friendly approaches to 
achieve the Paris Agreement objectives.

Keywords Hospitality Industry 4.0 · Climate change · Virtual tourism · Travel · Efficiency · 
Circular hospitality

JEL Classification Q54 · L83 · O33

Introduction

Climate change is considered one of the most serious problems faced by humanity today. 
Climate change is increasing and is characterized by record-breaking weather events in the 
form of extreme heavy rainfall, floods, and global temperature shifts with 2010–2019 the 
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hottest decade recorded so far [1]. According to NASA (2021), the highest temperatures so 
far were recorded in 2020 despite a large decrease in global emissions due to the COVID-
19 crisis. The Intergovernmental Panel on Climate Change (IPCC, 2021) report warns that 
in relation to climate change, the “worst is yet to come” and will include extreme heat 
waves, widespread hunger and drought, rising sea levels, and extinction and that although 
“Life on Earth can recover from a drastic climate shift by evolving into new species and 
creating new ecosystems. Humans cannot.”

Climate change is affecting all areas of our lives; land areas are decreasing due to rising 
sea levels [2, 3], agricultural productivity is decreasing [3–5], and labor productivity and 
human health [6–9] and the tourism and hospitality industries [3, 10] are all being affected.

The new technological revolution (Industry 4.0) could help to combat climate change; 
how successful it will be is debatable. There is a stream of work investigating the extent 
to which Industry 4.0 can tackle climate change [11–15]. However, the findings are incon-
clusive—some studies find a positive impact of Industry 4.0 on climate change, and others 
find a negative or no effect.

By definition, the tourism and hospitality industry is diverse and includes restaurants, 
hotels, casinos, airlines, and tourist attractions [16]. The hospitality industry includes 
accommodation [17], food and beverages [18–20], and tourism-related services [15]. 
“Tourism comprises the activities of persons travelling to and staying in places outside 
of their usual environment for not more than one consecutive year for leisure, business or 
other purposes” [20].

Debate over the relationship between tourism and climate change [21] has been ongo-
ing for several years. There is a strand of work on the potential effects of climate change on 
tourism and hospitality and the contribution of tourism to climate change [22–26]. Accord-
ing to Gössling [27], this sector is considered one of the main contributors to GHG emis-
sions. Tourism contributes hugely to carbon emissions [28, 29], which account for 5% of 
global carbon emissions which are due 75% to transport, 21% to accommodation, and 4% 
to other tourism activities [20].

The tourism and hospitality industry is one of the sectors that has been hit hardest by 
the COVID-19 pandemic. Part of the solution to both climate change and the COVID-19 
pandemic is behavioral change [30–32, 33]. During the COVID-19 pandemic, emissions 
were reduced and consumers’ behavior changed. Citizens were focused more on ecological 
and sustainability issues  [34]. According to IEA [35], the biggest reduction in emissions 
was seen in the transport sector. Emissions from oil used for transport accounted for over 
50% of the overall decrease in emissions in 2020. The restrictions imposed to reduce the 
spread of the virus resulted in about a 14% drop in the emissions from this sector compared 
to 2019, with the hardest hit being aviation where in 2020 emissions almost halved and fell 
to 1999 levels.

Another strand of work examines the links between the hospitality industry and Industry 
4.0 [36–38], [39–43]. Most of these studies focus on reshaping the hospitality industry as 
a result of implementing Industry 4.0 technologies and providing personalized experiences 
and digitalized services. However, work on the direct link between Industry 4.0 and envi-
ronmental and climate change issues in the hospitality sector is not well developed. A few 
studies [44, 45] investigate environmentally friendly practices in the hospitality industry.

The aim of this paper is to investigate under what conditions implementation of Industry 
4.0 in the hospitality sector could help to combat climate change. First, it examines the 
main pillars of Industry 4.0 in the hospitality industry and discusses how it is reshaping 
the sector. We consider cyber physical systems (CPS), the Internet of Things (IoT), virtual 
reality (VR), augmented reality (AR), big data, artificial intelligence (AI), and robotics. 
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Second, we explore the relationship between the hospitality industry and climate change 
by discussing the effects of climate change on tourism and the contribution of tourism to 
climate change. We consider adaptation and mitigation strategies to fight climate change. 
Third, we propose five conditions under which Industry 4.0 could help to combat cli-
mate change. Hospitality Industry 4.0 enables, first, increased energy efficiency, second, 
increased water use efficiency, third, reduced food waste, fourth, “circular hospitality,” and 
fifth, replacement of transport and travel by VR.

Research objectives include (1) a comprehensive literature review of hospitality Indus-
try 4.0 and climate change, (2) five conditions under which Industry 4.0 could help to fight 
climate change, and (3) formulation of a future hospitality Industry 4.0 and climate change 
research agenda. We address the following research questions:

1. How can Industry 4.0 induce an increase in energy efficiency and a reduction in GHG 
emissions in the hospitality industry?

2. Can Industry 4.0 lead to reduced consumption of and more efficient use of water?
3. How can Industry 4.0 help to reduce food waste?
4. Can Industry 4.0 promote Circular Hospitality 4.0?
5. Will Industry 4.0 result in reduced transport and travel?

The paper is organized as follows: the “Methodology” section discusses the methodol-
ogy, the “Theoretical Background: Main Definitions and Concepts” section provides the 
main concepts of hospitality Industry 4.0 and examines the relationship between climate 
change and tourism, the “How Hospitality Industry 4.0 Could Help to Combat Climate 
Change: Five Proposed Conditions and the Future Research Agenda” section shows how 
hospitality Industry 4.0 could contribute to reducing climate change, and the “Concluding 
Remarks and Policy Implication” section offers some conclusions and policy implications.

Methodology

The paper is based on a systematic literature review which enables five propositions for 
how Industry 4.0 could help to combat climate change. A literature review allows more 
choices compared to an empirical study. A literature review allows the researcher to address 
broader questions, and by the ability to focus on patterns and connections among many 
empirical findings, a literature review can address theoretical questions that are beyond the 
scope of a single empirical study. While empirical studies allow single conclusions, a lit-
erature review allows several [46].

The objective of a systematic review is to formulate a well-defined question and provide 
a quantitative and qualitative analysis of the relevant evidence, followed (or not) by a meta-
analysis [47]. The strengths of a systematic literature review are that they allow a focus on 
a unique query, retrieval of articles for review, objective and quantitative summaries, and 
inferences based on evidence [48]. However, a literature review also has some limitations 
such as the heterogeneity in the studies selected, possible bias from single studies, and pos-
sible publication bias [49]

The literature on hospitality Industry 4.0 and climate change is very heterogeneous. We 
have tried to identify the most relevant studies and those most likely to avoid biased find-
ings. We searched the literature using the keywords “climate change,” “hospitality,” “tour-
ism,” “Industry 4.0,” “energy efficiency in hospitality,” “circular hospitality 4.0,” “water in 
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hospitality,” “food waste in hospitality,” “travel and transport,” “Industry 4.0 technologies,” 
and “virtual tourism.”

The corpus of literature was based on the snowballing technique, i.e., identifying addi-
tional papers based on the papers identified—which is especially useful if identification 
of relevant publications is difficult. We used the reference lists in the initial (more than 
2 papers) identified to identify other papers on the topic. As our search progressed, we 
refined the list of keywords. We identified a range of journal articles from different fields.

Wohlin [50] states that snowballing can be particularly useful for systematic literature 
reviews:

In particular, it should be noted that snowballing is particularly useful for extend-
ing a systematic literature study, since new studies almost certainly must cite at least 
one paper among the previously relevant studies or the systematic study already con-
ducted in the area. Thus, snowballing is by deduction a better approach than a data-
base search for extending systematic literature studies. The actual evidence for this 
assertion is left for further research.

Theoretical Background: Main Definitions and Concepts

What Is Hospitality Industry 4.0?

Rapid technological developments and innovation result in paradigm shifts [51]. The most 
recent is the 4th industrial revolution which like previous industrial revolutions is char-
acterized by its effects on industry. The first industrial revolution involved mechanization 
and the introduction of steam and water power,the second industrial revolution saw the 
introduction of mass production and assembly lines based on electrical power; the third 
industrial revolution involved automation of production and computers. The fourth indus-
trial revolution is characterized by CPS and interconnection between the virtual and physi-
cal worlds. Frank et al. ([52], p. 343) define Industry 4.0 “as a new industrial maturity stage 
of product firms, based on the connectivity provided by the industrial Internet of things, 
where the companies’ products and process are interconnected and integrated to achieve 
higher value for both customers and the companies’ internal processes.”

The fourth industrial revolution is making it hard for humankind to distinguish between 
what is artificial and what is natural [53]. Industry 4.0 is affecting almost every sector of 
the economy, including the hospitality industry. Hospitality 4.0 is one of many sub-con-
cepts (e.g., Tourism 4.0,Hospitality 4.0; Medicine 4.0, Agriculture 4.0, Travel 4.0, Energy 
4.0) under the broader Industry 4.0 umbrella [53, 54]. The aim of Hospitality 4.0 is to cre-
ate more personalized and digitalized services for consumers and resolve problems related 
to massification, individual experiences, and sustainability. In this context, Tourism 4.0 
allows a richer tourist experience [55].

Smart hospitality is envisaged as an interoperable and interconnected system enabling 
information sharing which will provide added value for the entire ecosystem of stakehold-
ers via digital platforms [56, 57]. Smart hospitality will allow information exchanges along 
the value chain and will put customers at the center of the process through the provision of 
personalized and contextualized services and experiences [57]. The new technologies have 
changed consumer behavior in terms of use of hospitality services [15, 58, 59].           to 
engage in various activities. Consumers are requiring more than basic facilities, and hospi-
tality must change to satisfy their expectations.
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The world has seen a massive increase in environmental pollution since the second 
industrial revolution. While existing studies link Industry 4.0 technologies to environmen-
tal management and climate change, the lack of a strong focus and positive actions are 
calling for better technological solutions to saving the environment and increasing sustain-
ability, e.g., Industry 5.0. The concept of Hospitality 5.0 has already been advanced [60]. 
While Industry 4.0 is concerned mainly with automation, Industry 5.0 will focus on syner-
gies between humans and autonomous machines [61].

Hospitality 4.0 Technologies

The fourth industrial revolution includes a set of technological developments such as CPS, 
the IoT, AR, VR, AI, robotics, big data, blockchain, and 3D printing. There is stream of 
work which examines the links between the hospitality industry and the various pillars of 
Industry 4.0 such as the IoT [36, 43, 62, 63], VR [37, 38, 64–67], AR [37, 40, 68], big data 
[42, 43], and AI and robotics [39, 41]. Industry 4.0 technologies can be interconnected 
using horizontal, vertical, and end-to-end system integration tools along the value chain 
[11].

CPS are the main pillar of Industry 4.0. They are defined as integrated and intercon-
nected physical and virtual arrangements based on computation, communication, and 
control systems [69]. Sensors, 3D scanners, cameras, and radio frequency identification 
(RFID) devices are used by CPS to collect data [70]. Embedded CPS enable the exchange 
of data in smart networks [71]. The IoT is based on the interconnection between CPS and 
the Internet [72]. According to Lee et al. [69], CPS involve interconnection of the physical 
and cyber worlds which enables access to real-time data and smart data management, ana-
lytics, and computational capability. CPS allow autonomous and decentralized production 
processes [73].

The IoT involves interconnectivity among physical devices such as sensors, actuators, 
RFID tags, laptops, and mobile phones, and their communication through networks or the 
Internet which enable integration of the physical and cyber worlds [74]. RFID enable the 
identification of objects or humans,wireless sensor networks can sense the environment and 
process data through large numbers of nodes which enable communication and computa-
tion; smart technology can transform objects into smart objects able to communicate with 
users in active or passive ways; and nanotechnology allows interconnection of nanoscale 
objects [75]. The IoT includes smart vehicles and smart homes to enable integration of ser-
vices such as notifications, security, energy saving, automation, communication, comput-
ing, and entertainment [76]. In the context of the hospitality industry, the emergence of IoT 
technology is transforming hotels into smart hotels within smart cities [77]. Application of 
the IoT in the hospitality sector allows interactions with tourists and collection of real-time 
tourist data. It allows instant, personalized, and localized services and accurate evaluation 
of tourist behaviors and preferences [62].

Another pillar of Hospitality 4.0 is AR which involves the combination of real and vir-
tual objects in a real environment, synchronization of real and virtual objects, and interac-
tion in 3D and in real time [78]. There are several types of AR technologies [37]: marker-
based AR enables the scanning of physical images through a camera and visual markers 
which can be sensed by readers; markerless AR or GPS-based AR provide data on precise 
location; projection-based AR allows projection of artificial light on the surface of the real 
world; and superimposition-based AR enables partial or complete replacement of the origi-
nal object view by an augmented view. In recent years, AR has provided opportunities for 
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hospitality businesses and tourists. It provides tourists with more personalized services and 
additional benefits such as navigation of selected locations and allows tourists to share and 
exchange information and opinions with other tourists in large networks [68].

While AR augments elements in the real environment, VR simulates reality [79]. 
According to Rajesh Desai et al. ([80], p. 175), VR is “a computer simulated (3D) environ-
ment that gives the user the experience of being present in that environment.” It provides 
people with opportunities for virtual travel [81]. It contributes to sustainable tourism by 
providing the opportunity for low cost and environmentally friendly travel [38]. VR allows 
people to visit difficult to access places, to travel across time, and to enter fantasy worlds 
[82] and allows people of all ages and those with reduced mobility to enjoy tourism and 
participate in online communities [38].

Big data analytics are related to recent technological developments which have 
increased the amount of data generated making traditional techniques insufficient to cope 
with their processing and analysis. The hospitality industry captures and generates huge 
volumes of data on consumer preferences and characteristics. In the hospitality sector, big 
data includes internal big data which are held in central databases and external big data 
which are collected from the Internet via sensors. Data can be classified based on their 
characteristics and type, and hospitality ecosystem actors can access and use these data to 
prepare strategic business plans and manage their operations in a dynamic way [57]. The 
hospitality industry needs to understand tourist preferences, behaviors, and locations in 
order to offer personalized services. This involves the collection, storage, and use of data in 
appropriate ways and their protection from threats. Computing resources help to enhance 
the security and interconnectivity of tourist networks with the hospitality industry [62]. 
However, secure data storage is a major problem.

AI and robots are used in the hospitality sector to create more personalized and unique 
experiences at low cost. Service robots in workplaces maintain contact with people in a 
shared non-industrial environment [83]. Robots can replace humans in R&D activities [84]. 
Robots are being used by airport management to substitute for traveler information centers 
and allow services that do not require human interaction. Hotels use robots to support both 
their employees and their consumers [39]. Continued development of advanced technology 
will make AI and intelligent robots more affordable and faster and more reliable than humans.

Tourism and Climate Change: Twofold Relationship

The relationship between climate change and tourism has been the topic of debate 
for many years (Fig. 1). The first international climate change conference in the con-
text of tourism was held in 2003 in Djerba, Tunisia [85] when the importance of the 
tourism industry to the global economy and its vulnerability to the impacts of climate 
change were emphasized. It was agreed that there was a need to develop sustainable 
policies and reduce GHG emissions [85]. In 2007, the second International Confer-
ence on Climate Change and Tourism was held in Davos, Switzerland, and discus-
sion on climate change and tourism continued in the framework of the United Nations 
Environment Programme, the World Meteorological Organization, and the United 
Nations Framework Convention on Climate Change (UNFCCC), at the UN Climate 
Change summit in Bali. The conference theme “Tourism: responding to the challenge 
of climate change” was the centerpiece of the 2008 World Tourism Day [20]. UNWTO 
et al. ([20], p. 13) suggest that “climate is a key resource for tourism and the sector is 
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highly sensitive to the impacts of climate change and global warming, many elements 
of which are already being felt.” Debate on the importance of climate change was reig-
nited by the definition of the UN Sustainable Development Goals (SDG). SDG 13 was 
aimed at combating climate change [86] and led to the Paris Agreement on Climate 
Change [87]. In 2018, the World Travel and Tourism Council (WTTC) and the UNF-
CCC agreed a common agenda for climate action related to travel and tourism to tackle 
climate change.

Debate continues on the relationship between tourism and climate change [21] and 
its complexity [22]: tourism affects climate change and climate change affects tour-
ism [24]. On the one hand, tourism and its associated activities contribute to climate 
change [88]. Tourism contributes to GHG emissions through transport, accommoda-
tion [89], food production and consumption [90], and other activities. In the case of 
transport, the largest contributor to carbon emissions is air travel, followed by car 
transport [89]. On the other hand, tourism is affected by climate change in the form of 
heat waves and rising sea levels. Other impacts include changes to arctic temperatures 
and ice, precipitation amounts, ocean salinity, and wind patterns, and more frequent 
occurrence of extreme weather events such as droughts and tropical cyclones [91]. 
These aspects affect coastlines and cause beach erosion, water shortages, forest fires, 
desertification, extinction of wildlife, and damage to heritage sites [90]. Furthermore, 
Hall et al. ([92], p. 2) suggest that climate change “is extremely significant for tourism 
because of its influences on the economic viability of tourism destinations and activi-
ties, tourist behavior, and its ramifications for the entire tourism system.” According to 
IPCC [93], tourism is already being affected by global warming, with increased risks 
of an additional 1.5  °C of warming in specific geographic regions which will affect 
beach and snow sports destinations. The link between tourism and climate is important 
for people planning holidays and other leisure travel. According to Zanni et  al. [94], 
considerable numbers of people have changed their travel plans due to weather-related 
disruptions. The weather affects destination choices and tourist satisfaction [95].

Adaptation and Mitigation Strategies

There are two important climate change strategies in the tourism industry: adaptation 
and mitigation [20, 96]. According to the findings of the 5th IPCC Assessment Report 
(AR5), summarized by Scott, Hall, and Gössling ([97], p. 15), it is suggested that “all 
tourism destinations will need to adapt to climate change, whether to minimize risks or 
to capitalize on new opportunities.” Adaptation involves means to moderate or curb the 
impact of climate change by institutions, governments, individuals, and corporations 
[24]. Adaptation efforts in the tourism sector differ across sectors, activities, and desti-
nations. They include protection of coastlines and provision of artificial snow to allow 
continued tourism to ski resorts experiencing less snowfall during the skiing season 
[26, 98]. The strategies employed depend on different social, economic, and environ-
mental conditions [99].

Climate change mitigation includes efforts to reduce the effects of tourism [24] 
which can be achieved via use of Industry 4.0 technologies. Below, we discuss in more 
detail five proposed ways that Industry 4.0 technologies could allow the hospitality 
industry to reduce its carbon footprint.
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How Hospitality Industry 4.0 Could Help to Combat Climate Change: 
Five Proposed Conditions and the Future Research Agenda

Ben Youssef [11] proposes four ways that Industry 4.0 could help combat climate change 
by promoting energy efficiency and achieving substantial energy gains, enabling the cir-
cular economy, achieving sustainable development through eco-innovation, and allowing 
significant technology transfer to the least developed countries (LDCs). The application 
of Industry 4.0 to combat climate change requires consideration of three main issues [11]: 
first, cloud computing providers need to shift to renewable energies and use less fossil fuel 
energy,second, economic and societal transformations will be needed to enable massive 
adoption of Industry 4.0; third, Industry 4.0 will require governance and agreements about 
ethical considerations.

We propose five conditions under which Industry 4.0 could help to combat climate 
change: first, increased use of Industry 4.0 technologies to induce increased energy effi-
ciency and reduction of GHG from the hospitality industry; second, increased use of Indus-
try 4.0 technologies to induce a reduction in water consumption and an increase in water 
use efficiency; third, increased use of Industry 4.0 technologies to induce a reduction in 
food waste; fourth, increased use of Industry 4.0 technologies in the hospitality industry 
to promote circular Hospitality 4.0; and fifth, increased use of Industry 4.0 technologies to 
reduce transport and travel. The motivation of the choice of these propositions comes from 
the literature review. The previous work treats these issues as separate topics; we suggest 
that they are crucial for reducing the carbon footprint of the hospitality industry.

Proposition 1: Increased Use of Industry 4.0 Technologies to Increase Energy 
Efficiency and Reduce Greenhouse Gas Emissions

Several studies [100–102] show that buildings consume 40% of the world’s energy which 
accounts for 30% of CO2 emissions. There should be an emphasis on green incentives, 
green programs, and modern heating, cooling, and water systems using digital technolo-
gies to record and report green efforts and use energy more efficiently to reduce carbon 
emissions. On average, some 30% of energy savings could be achieved through implemen-
tation of intelligent automation technologies in buildings [102]. According to Harish and 
Kumar [103], new buildings could achieve energy savings of between 20 and 50% through 
the incorporation of appropriate building, heating, ventilation, air conditioning (HVAC, 
20–60%), lighting (20–50%), water heating (20–70%), refrigeration (20–70%), and elec-
tronics and other designs (10–20%).

New technologies could provide hotel staff with critical data and send alerts to help 
them manage energy consumption and increase sustainability. The IoT could contribute 
to more efficient energy use in the hospitality sector. The hospitality industry is making 
efforts to offer more personalized services and unique experiences while also trying to 
respond to calls for more sustainable travel. A sustainable travel report from Booking.com 
(2018) found that 87% of global travelers are keen to find ways of more sustainable travel.

The IoT will allow more efficient energy use based on smart devices and energy-sav-
ing systems. According to Eskerod et al. [44], the use of smart energy management sys-
tems could reduce hotel energy costs by between 20 and 25%. Many hotels are employing 
smart lighting, temperature control equipment, and devices such as compact fluorescent 
bulbs and LED lights to reduce energy use [62]. Use of heating and cooling technologies 
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is temperature dependent,higher temperatures increase use of air conditioners and call for 
more efficient air conditioning technologies [104].

Smart HVAC systems would optimize energy consumption in particular for lighting. 
Use of sensors to monitor HVAC systems saves time and reduces maintenance require-
ments. A control center can provide information related to lighting including energy con-
sumption per light fixture [44]. Industry 4.0 technologies enable automatic adjustment to 
room temperatures and automatic switching off of lights and TVs when guests leave their 
rooms.

As Industry 4.0 technologies become more ubiquitous, they are being employed in more 
places and for different purposes. Reducing energy consumption requires both implementa-
tion of these new technologies and training in how to use them to increase sustainability. 
Industry 4.0 technologies to increase energy efficiency will become imperative for hospi-
tality businesses in the future. Cybersecurity, reliability, and workforce skills must be con-
sidered in the adoption of these technologies to increase energy efficiency.

While technology enables substantial improvements in terms of energy savings and 
energy efficiency, tourist behavior also matters and the possible “rebound effect” when 
improvements to energy efficiency do not translate into less demand for energy must also 
be considered [105]. The improvements enabled by technology can be reduced by the atti-
tudes and behavior of tourists. However, we would suggest that the potential improvements 
enabled by technology will be greater than the potential negative effects of tourist behavior.

Proposition 2: Increased Use of Industry 4.0 Technologies to Reduce Water 
Consumption and Increase Water Use Efficiency

Water consumption is a major item in the hotel and accommodation sector and contributes 
significantly to carbon emissions. Tourist activities increase the sector’s carbon footprint 
and affect water resources. It is estimated that water consumption per tourist per day ranges 
between 84 and 2,000 l, or up to 3,423 l per room per day [106]. According to [107], show-
ering is the biggest consumer of water,in apartments, hotels, and houses, around 25% of 
total monthly water consumption is due to showering. During the winter when tempera-
tures are low, there is a dramatic increase in consumption of hot water [107]. Huge vol-
umes of water are consumed by laundries which accounts for approximately 35% of their 
total energy consumption, 65% of which is related to drying and finishing.

Hotels are implementing innovative water-saving devices which allow collection and 
use of rainwater, separation of “gray” water for composting toilets, and water recycling. 
Hotel guests should be encouraged to reuse towels, and baths should be replaced by show-
ers [108]. The IoT is offering new perspectives on smart buildings and more efficient use 
of resources [107]. IoT-enabled water meters can be used to monitor water use at low cost. 
Use of smart bathrooms equipped with smart showers, smart sinks, flow-controlled toilets, 
etc. helps to reduce water consumption in hotels,smart showers would result in more effi-
cient use of water. A recycling shower developed by OrbSys saves 90% on water consump-
tion and 80% on energy compared to a regular shower.

There are several examples of the benefits deriving from Industry 4.0 in terms of water 
use efficiency in the hospitality industry. Prasad et al. [109] propose a smart water quality 
monitoring system using the IoT and remote sensing technology to ensure water quality 
and provide real-time water monitoring. Saseendran and Nithya [110] describe an auto-
mated water usage monitoring system which uses the IoT to control domestic and industry 
water use and water waste via wireless sensor nodes. Ahemed and Amjad [111] discuss a 
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water management system (WMS) which monitors water storage tanks and takes action if 
water levels become too high or too low. Pereira-Doel et al. [112] study a hotel in Spain 
that has smart technology installed in 20 individual rooms. Their findings indicate that 
real-time feedback induced 12.06% reduced guest shower times on average, equivalent to 
40.91 s and 6.14 l of water.

However, water savings depend also on tourist behavior. Raising awareness about the 
fragility of our environment and the importance of protecting it is vital. Prompts in the 
areas most exposed to tourism remind tourists of the importance of careful use of water.

We would suggest that the potential offered by new technology is enough to overcome 
any rebound effects. As Industry 4.0 technologies evolve, their optimization will enable 
better environmental performance and better adaptation to water scarcity and water avail-
ability for the hospitality industry.

Proposition 3: Increased Use of Industry 4.0 Technologies to Reduce Food Waste

About 1.3 billion tonnes of food is wasted annually [113], and that waste food is responsi-
ble for about 8% of global GHG emissions [114]. How much food is wasted in the hospital-
ity industry is debatable. In the UK, it is estimated that, annually, 920,000 tonnes of food is 
wasted at outlets, 75% of which is avoidable waste of still edible food [115]. In Sri Lanka, 
it is estimated that 79% of total hotel waste is food waste [116]. Large amounts of food are 
wasted every day, and much of it could be used to feed the world’s hungry people. Action 
is needed to reduce and prevent food waste.

Recent digital innovations could help reduce food waste in the hospitality sector by 
allowing more accurate forecasting of demand and supply. AI and big data, smartphones, 
and apps1 can help to reduce food waste from kitchens. AI devices send notifications about 
the cost of the food being thrown away and record daily waste. This kind of information 
helps hotels, restaurants, etc. to reduce food waste and to better understand consumer pref-
erences. Food waste includes the water, energy, and other resources used in its preparation; 
therefore, reducing food waste reduces both costs and environmental footprint.

Wen et al. [117] discuss an IoT-based food waste management system for restaurants, 
developed and implemented in Suzhou, China. It consists of RFID and sensor systems 
which provide real-time data on food waste to the catering companies involved, and a smart 
food waste collection truck equipped with RFID readers. Implementation of the system 
has had positive effects and resulted in better management of food waste across the value 
chain. Hong et al. [118] proposed an IoT-based smart garbage system which collects and 
analyzes information on food waste. The system was implemented as a 1-year pilot project 
in Seoul’s Gangnam district, and the results show average food waste reductions of 33%.

Based on the examples in the literature, we propose that Industry 4.0 technologies could 
reduce food waste. Most food waste ends up in landfill and increases GHG emissions. We 
need to collect data and information along the entire food chain. This information can be 
used to adapt future buying decisions, menus, food preparation techniques, and consumer 

1 “Wise Up on Waste” was developed by Unilever Food Solutions to allow kitchen professionals to meas-
ure, monitor, and manage food waste and reduce costs. “Karma”# is an app which helps restaurants and 
cafes to reduce food waste by enabling them to sell what would otherwise be unsold food, at reduced prices. 
Consumers can order via the app and buy the food as a takeaway item. This reduces food waste in restau-
rants and allows consumers to buy food at reduced prices. Winnow  Solution# has developed a smart tool 
involving a touchscreen which allows staff to identify what is being thrown away and when.
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preferences. Offering different portion sizes on online menus would allow consumers to 
choose the right sized portions which would avoid food waste.

However, application of Industry 4.0 technologies to reduce food waste can be difficult 
to implement in all hospitality businesses. Very small businesses may consider the invest-
ment required to be overly expensive and may decide not to invest. Large hospitality busi-
nesses may be unaware of the benefits to be derived from the use of these technologies. In 
addition to reducing food waste and pollution, Industry 4.0 technologies help to reduce the 
time and monetary costs involved in managing the necessary human resources.

Proposition 4: Increased Use of Industry 4.0 Technologies to Promote Circular 
Hospitality 4.0

The linear economy should be transformed into a circular economy to allow reuse and 
recirculation of resources. Larsson ([119], p. 12) defines the circular economy as “an 
economic system where production and distribution are organized to use and re-use the 
same resources over and over again”. It should be considered a new way of consumption 
linked to the move to a low carbon economy. According to Preston ([120], p.3), the circu-
lar economy “involves remodeling industrial systems along lines of ecosystems, recogniz-
ing the efficiency of resource cycling in the natural environment” and relies on three main 
principles [121]: maintaining and boosting natural resources through use of renewable 
rather than fossil fuel energy and use of other sustainable methods, optimizing resources 
efficiency by circulating products, components, and materials, and strengthening system 
effectiveness.

Application of circular economy principles in hospitality could result in more sustain-
able hospitality and tourism. Sustainability has for long focused mainly on energy use, 
water use, and recycling. The circular economy would promote sustainable tourism and 
travel, and water and energy savings, by replacing non-renewable resources with renew-
able resources which would help to reduce carbon emissions, and waste, and introduce zero 
km menus in restaurants [122]. According to Manniche et  al. [123], circular hospitality 
includes building and construction, refurbishing and redecorating, operational services, 
practices related to accommodating managers and staff, and interactions with guests.

The more complex issues are those related to governance and behavior. Circular Hospi-
tality 4.0 will contribute to making the hospitality industry more sustainable. Implemen-
tation of technologies in the hospitality industry will result in more efficient use of the 
resources which would contribute directly to sustainability.

However, the application of eco-innovation practices in hotels is not enough to achieve a 
circular business. Circularity must include the host–guest relationship. Hotels must involve 
their consumers in related environmental issues and actions. Consumers must be trained in 
more efficient use of resources and receive information to allow them to reduce their travel 
and tourism ecological footprint.

Proposition 5: Increased Use of Industry 4.0 Technologies to Reduce Transport 
and Travel

Tourism accounts for 5% of global carbon emissions [25]. The biggest contributor to car-
bon emissions from the tourism sub-sector is transport which accounts for 75% of carbon 
emissions in this sector [20]. Air travel is the main source of carbon emissions accounting 
for 40% of this 75% [124].
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Reducing GHG emissions from travel and transport will require use of recent technolog-
ical developments. The implementation of environmentally friendly tourism is needed to 
enable continuous improvements to the quality of the natural environment [125]. Increased 
use of Industry 4.0 technologies could result in less travel and transport. In this context, it 
has been suggested that VR could substitute for actual travel [82, 126] and would contrib-
ute significantly to sustainability [127] by providing low cost and environmentally friendly 
ways of “traveling” [38]. Drones could be used to enable virtual tourism,video cameras 
attached to drones could record and capture pictures and aerial views of historical and nat-
ural sites in an environmentally friendly way [128].

The lockdowns imposed by many countries in 2020 to try to stem the spread of the 
COVID-19 virus have provided a unique setting to explore whether and to what extent 
virtual tourism can substitute for physical tourism. The collapse of tourism activities due 
to the COVID-19 pandemic increased interest in virtual tourism activities which can be 
expected to increase in the future (Ben [34].

The opportunity for virtual visits to various tourism destinations such as museums, cas-
tles, galleries, and exhibitions increased interest in shifting from physical tourism to vir-
tual tourism during this period. Popular destinations are focusing on virtual experiences 
enabling people to visit various attractions worldwide from their homes. Tourism busi-
nesses will need to invest in technology since Industry 4.0 technologies will continue to 
be in demand even after the pandemic. The implementation of Hospitality 4.0 technologies 
would solve the problem of mass tourism and reduce degradation and overcrowding of her-
itage sites. They would contribute also to sustainability since Industry 4.0 technologies aim 
to be environmentally friendly.

This effect is not one-sided; Industry 4.0 will have an impact on tourism jobs, and the 
growth of VR and the reduction in physical travel will have negative social and economic 
impacts on reducing income and employment at destinations, especially in the global 
South. In these areas, operations respond to demand from the global North. Existing work-
forces will require retraining.

Proposed Research Agenda

Based on the literature review and the five propositions identified above to combat climate 
change, we propose a future research model (Fig. 2). Our choice of the model variables 
is based on previous evidence. We reviewed several works to identify the most important 
variables. We conducted a quantitative analysis to validate the proposed model and enable 
its application to different countries.

The first part of the model includes applications of Industry 4.0 technologies in the hos-
pitality sector—CPS, the IoT, AR, VR, AI, robots, and big data. These technologies have 
been shown to have the potential to combat climate change in the hospitality sector. Indus-
try 4.0 and climate change have several commonalities. They are systematic and complex 
and affect society. Since the technologies have the potential to increase energy and water 
use efficiency, reduce food waste, enable a circular model, and minimize travel and trans-
port, we can assume that they will have a significant impact on efficient use of resources 
such as energy, water, food, and transport in the hospitality sector.

The second part of the model shows that energy efficiency, water use efficiency, food 
waste reduction, and circularity are linked. First, implementation of circular Hospitality 
4.0 will have a significant effect on increasing energy and water use efficiency and reducing 
food waste. Circular hospitality will also reduce costs. Application of the new technologies 

1054



Circular Economy and Sustainability (2022) 2:1043-1063

1 3

is making it possible to reuse and recycle resources, which reduces waste and costs and 
increases efficiency. At the same time, Industry 4.0 technologies help to reduce carbon 
emissions and are less damaging to the environment. Second, reducing food waste will 
increase energy efficiency and water use. Food, energy, and water are linked, and the more 
food that is produced and prepared, the more energy and water is consumed. Use of tech-
nologies to reduce food waste would increase water and energy efficiency. Third, more effi-
cient water use will have a significant influence on increasing energy efficiency.

Finally, all of these aspects will enhance business performance. The potential of Indus-
try 4.0 technologies goes beyond combating climate change and enhances business perfor-
mance by reducing energy, water, and food waste costs. In addition to circular Hospitality 
4.0 and reduced travel and transport, this will reduce GHG emissions hugely.

Fig. 2  Proposed model

Fig. 1  Two-way relationship between tourism and climate change. Source: Patterson, Bastianoni and Simp-
son [96]
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Concluding Remarks and Policy Implication

This paper has examined the use of Industry 4.0 technologies in the hospitality 
sector to reduce climate change. While both adaptation and mitigation strategies 
are crucial, we focused on mitigation of climate change. We proposed a model for 
the potential effects of Industry 4.0 technologies in the hospitality sector aimed at 
reducing climate change.

We have shown the potential of these technologies in the hospitality industry 
to increase sustainability. The five applications focused on show that Industry 
4.0 could have major implications for efficiency increases and a reduced carbon 
footprint. Integration of CPS, the IoT, AR, VR, AI, robotics, and big data in the 
hospitality sector would allow customized services for consumers and reduce 
costs. Implementation of Hospitality 4.0 technologies will enable increased energy 
efficiency, more efficient use of water resources, reduced food waste, circular 
Hospitality 4.0, and reduced travel and transport which currently contribute hugely 
to carbon emissions from the hospitality sector.

Ben Youssef [11] identifies three limitations to use of Industry 4.0 technologies. 
First, the world’s data centers emit as much CO2 as the global aviation industry and 
should focus on more use of renewable energies and less use of fossil energy. Second, 
the social effect of Industry 4.0 applications is not clear, and especially in a context 
of high unemployment. Industry 4.0 could cause significant economic and social 
transformations which need to be taken into account. Third, Industry 4.0 technologies 
require good governance to ensure they benefit everyone and contribute to inclusive 
and sustainable societies.

Main Contributions

The paper makes three main contributions.
First, it contributes to debate on the application of Industry 4.0 technologies in 

the hospitality industry and how these technologies are reshaping the sector. 
The literature examines the impact of different Industry 4.0 technologies in the 
hospitality industry, but the results are inconclusive. Some studies discuss how these 
technologies are disrupting the hospitality sector, and others explore their potential 
to combat climate change and reduce GHG emissions. Our paper contributes by 
analyzing how the application of these technologies in the hospitality industry could 
result in increased efficiency of use of resources and adoption of environmentally 
friendly practices.

Second, it suggests that Industry 4.0 could help combat climate change in 
the hospitality sector through increased energy efficiency, increased water use 
efficiency, reduced food waste, circular hospitality, and use of VR instead of actual 
transport and travel. These five conditions could be important mechanisms to 
increase the efficiency of the hospitality businesses and reduce its carbon footprint. 
These findings should be useful for stakeholders and policymakers in the hospitality 
industry.

Third, the paper contributes by proposing a future research agenda and directions 
for further quantitative research. The proposed model could be employed in future 
research.
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Policy Implications

Industry 4.0 offers a sustainable solution for the hospitality industry with appropriate 
implementation of technologies. Given the potential of these technologies to mitigate 
climate change, we need policies to foster their adoption by the hospitality industry.

First, a set of technologies needs to be implemented; interconnected and interoper-
able technological systems will increase business opportunities and environmental perfor-
mance. Their adoption must be part of a systemic change and deep organizational change 
in the hospitality industry.

Second, the hospitality ecosystem must be designed as a smart system which includes 
all stakeholders to provide added value along the entire chain. Current business models 
must be redesigned, and the business as usual model must be replaced by smart, sustain-
able, and environmentally friendly business models.

Third, policymakers must implement innovative energy and water efficiency policies 
and programs for the hospitality industry to reduce energy use. Renewable energies, smart 
grids, and other energy efficiency solutions should be introduced. Smart meters to increase 
water efficiency must be used in all parts of the hospitality sector to increase efficiency and 
reduce costs and carbon footprint.

Fourth, Circular Economy 4.0 should be at the heart of hospitality industry policy. 
Promotion of a circular economy in the hospitality industry would improve the use of 
resources, reduce transport of goods, and reduce waste and pollution.

Fifth, workforces should be retrained to meet the organizational changes which will fol-
low application of Hospitality 4.0. Workers will need appropriate digital skills and training 
in how to fight climate change.

Limitations and Future Research

The paper has the following limitations.
First, it is based on a systematic literature review. Quantitative methods and surveys of 

hospitality businesses would provide more information on perceptions of Industry 4.0 tech-
nologies to combat climate change.

Second, the paper focuses mainly on the benefits of Industry 4.0 technologies in relation 
to combating climate change. Future research could consider the negative effects of the 
application of these technologies.

Third, we proposed five conditions allowing Industry 4.0 technologies to combat cli-
mate change. Future research could consider other factors, determinants, and strategies 
related to combating climate change and reducing the carbon emission from the hospitality 
sector.

Fourth, our future research agenda has not been validated. The proposed model requires 
the development of appropriate measures. The present study should be considered a pre-
liminary qualitative exploration of the role of Industry 4.0 in the hospitality sector in rela-
tion to climate change. We plan to conduct quantitative analysis to validate our proposed 
model and apply it to different countries to allow its components to be analyzed in more 
depth.
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