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Abstract: During the current post-epidemic period, hygiene requirements and health needs in the
hospitality industry keep increasing, and consumers become more concerned about the cleanliness of
hotels and have stronger demands for contactless services in hotels. The growth and popularity of
IoT technology in China make it more accessible to a wider range of service industries and provides
the basis for the application of IoT in the hospitality industry. The application of IoT devices in
hotels mainly includes intelligent robots, intelligent guest control, systems, etc., which helps to realize
contactless services in hotels. This research reviews the entire development cycle of the application of
IoT in the hospitality industry, from the founding, development, and expansion of companies to their
IPO and post-IPO maturity. From a perspective combined with IoT technology, we can cope with the
changing industry models, business models, and operation modes in the hospitality industry more
efficiently. The development of IoT in hotels will move towards humanization and service-orientation.
Through the role of human–machine linkage and the reasonable management of IoT equipment, IoT
technology can reasonably promote the efficiency of manual work, while injecting “warmth” and
“quality” into IoT equipment.

Keywords: internet of things (IoT); smart hotels; efficiency; cost reduction

1. Introduction

The Internet of Things (IoT) is a phrase that refers to the inclusion of internet con-
nectivity in everyday devices and appliances that do not usually have such functionality.
Examples of these devices may range from thermostats and energy meters to vehicles and
large machines (Mercan, S. et al. 2021). In essence, the IoT is able to turn these devices
or appliances into ‘smart’ objects that can send and receive data and communicate with
each other. This also can improve data collection, increase automation, and allow multiple
devices to be controlled or monitored from a centralized location (such as a mobile phone
or tablet) [1].

IoT hotels have recently been widely discussed in the hospitality industry. With the
development of China’s communication industry and internet coverage, the smartening
of hotels is an inevitable trend. The industry chain of IoT application in hotels in China
is relatively distinct, with the upstream of the industry chain being raw materials for
IoT devices, the midstream being hotel IoT service providers, and the downstream being
hotels. In the upstream, although China’s independent research and development of chip
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enthusiasm is high and the chip design is developing rapidly, China’s chip market still
relies heavily on overseas imports. The midstream of IoT comprehensive service providers
and software service providers are mainly under a cooperation-based relationship. The
downstream is mainly for hotel applications. From 2016 to 2020, the market size of IoT in
hotels in China has grown from 51.74 billion RMB to 67.18 billion RMB, with a compound
annual growth rate of 5.4% [2].

Many hospitality companies are already successfully deploying IoT applications in
their hotels to improve guest satisfaction, staff productivity, and environmental sustainabil-
ity, while reducing unnecessary costs and labor [3]. Included below are five current trends
relating to the IoT technology in the hospitality industry:

1.1. Room Automation

Room automation sets hotels apart from their competitors by making guests feel more
comfortable and modern. For example, Starwood Hotels & Resorts uses a technology called
Daylight Harvesting to save energy and improve the consistency of in-room lighting by
automatically adjusting LED lighting based on the natural light in the room [4].

1.2. Predictive Maintenance

Predictive maintenance uses sensors’ activity data to identify dangerous trends and
notify the appropriate maintenance engineer before problems escalate, allowing for further
preventative maintenance. For example, manually tracking 16 m at a labor cost of $16/h
and checking the meters once a day may cost $3840 per year. With the implementation of
sensors, the systematic checking of all the meters can be conducted in seconds. Predictive
maintenance allows you to make a highly accurate forecast of when and where repairs
may need be carried out. It focuses people’s attention on where and when they need
maintenance most [5].

1.3. Mobile Interaction

There are 6.8 billion mobile phones and more than 85% of the global population has
access to cellular coverage as of December 2021. Guests can use their mobile phones
as room keys or submit requests to the front desk. Mobile engagement is also backed
up by in-house tools through the use of the Enterprise asset management (EAM) and
computerized maintenance management systems (CMMS) applications. Engineers can
access work requests or work instructions that need to be carried out on the property to
eliminate written requests to guests, thus increasing guest satisfaction.

1.4. Hyper-Personalization

Personal data can be used to personalize hotel guests and make a difference to their
stay [6]. For example, as time passes, IoT platforms can remember guests’ specific comfort
preferences, such as temperature, lighting, and TV channels, and automatically set the
room for the next stay.

1.5. APIs and Third-Party Integrations

As the IoT market matures, suppliers are likely to merge, resulting in a smaller
number of suppliers with more cohesive system offerings. Until then, APIs (Application
Programming Interfaces) that integrate with standard data communication protocols will
be the focus of integrated IoT systems.

The concept of the Internet of Things (IoT) is no longer difficult to imagine, as it is
used in our homes, businesses, and in multiple industries around the world to automate
processes, increase productivity, and reduce unnecessary labor costs [7]. In the racing
advancement of the industrial and internet revolutions, companies like General Electric are
calling the Industrial Internet of Things (IoT) the “third wave of innovation”.
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2. Background on the Foundation of Internet of Things (IoT)
2.1. Architecture of Internet of Thing

The IoT can be broadly divided into the following four layers (Figure 1): a Perception
Layer, a Network Layer, a Platform Layer, and an Application Layer [8,9].
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Figure 1. Architecture of Internet of Thing (IoT).

1. Perception Layer: The perception layer is responsible for the collection and acquisi-
tion of IoT information and is the foundation of the overall IoT architecture. In the sensing
layer, sensors sense information about the object itself and its surroundings, so the object
also has the ability to speak and publish information.

2. Network Layer: The network layer transmits the information collected by the
perception layer to the IoT cloud platform and is also responsible for transmitting the
commands issued by the IoT cloud platform to the application layer, which has a linking
effect. The network layer transmits a large amount of information mainly through the IoT,
the Internet, and mobile communication networks.

3. Platform Layer: Platform management mainly addresses issues such as data storage,
retrieval, use, and data security and privacy protection.

4. Application Layer: The ultimate purpose of IoT is to be applied to various scenarios.
After processing the information transmitted by objects on the IoT cloud platform, the
valuable mined information will be applied to practical life and work such as smart logistics,
smart medical care, and food safety.

If the human neural network is taken as an analogy, then human sense organs are the
perception layer of IoT, such as eyes that can collect visual information, a nose that collects
smell information, a mouth that collects taste information, and ears that collect sound
information. This information is transmitted to the brain center through neurons, and
the neural transmission channels formed by these neurons are equivalent to the network
layer in the IoT, whose role is to transmit the information to the processing center. When it
receives information from the eyes, nose, mouth, ears, etc., it can synthesize it to draw some
useful conclusions, such as determining whether there is danger now, acquiring the ability
to read a book or watch a movie, etc. [10]. This is equivalent to it applying the information
from the perception layer and generating value.

2.2. Technical Support for Internet of Thing

The IoT architecture can be divided into three layers: the sensing layer, the network
layer, and the application layer [11]. The roles and responsibilities of these layers in the IoT
system are explained below (Figure 2).
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Figure 2. Technical support for the Internet of Things.

The application of network technology to everything, forming the “Internet of Things”,
involves processes such as embedding sensors into equipment, and then integrating the
“Internet of Things” with the “Internet” to achieve the integration of human society and
physical systems. Supercomputer clusters manage and control the people, machines, and
infrastructure of the ‘integrated network’ in real time to manage production and life in a
fine-grained and dynamic way, to improve the utilization of resources and productivity,
and to improve the relationship between man and nature [12].

There are four main technologies supporting the IoT, namely RFID, sensor networks,
M2M, and the convergence of two technologies, which are fully applied in various scenarios
of IoT use and are the basic elements for the realization of the IoT [13].

1. RFID: Electronic tags belong to the category of smart cards. The concept of the
Internet of Things was proposed by Professor Ashton, Director of the MIT Auto-ID Centre
in 1999. With respect to the Internet of Things, RFID mainly plays an “enabling” role.
RFID technology is a fusion of radio frequency technology and embedded technology as
a comprehensive technology, and RFID in automatic identification and goods logistics
management has broad application prospects.

2. Sensor Network: A network that detects and integrates material phenomena
including temperature, humidity, pressure, speed, etc., with the help of various sensors,
and is one of the main bases of Premier Wen’s “Sensing China”. Through the sensing
network, the required information can be collected. The customer in practice can use
RFID readers and related sensors, etc., to collect the required data information, and when
the gateway terminal opens for convergence, the data can be smoothly transmitted to
the designated application system through wireless network transport [14]. In addition,
sensors can also use ZigBee and Bluetooth technologies to achieve the purpose of effective
communication with the sensor gateway.

3. M2M: This term is more commonly used abroad, which focuses on the intercon-
nection and centralized management of end devices, the X-Internet, and the three major
Chinese communications operators, who are promoting the M2M concept. The M2M
platform has a certain level of authentication, so it can provide the necessary terminal
management services to customers, and it can be accessed smoothly by different access
methods [15]. In addition, the M2M platform has certain management functions, such as
user authentication and data routing, which can be managed effectively. The BOSS system
is widely used in IoT services because of its strong billing management capabilities [16].



Processes 2022, 10, 1256 5 of 20

4. Convergence of Two Technologies: Industrial informatization is also one of the
main driving forces of the IoT industry, with the automation and control industry being the
main force, but there are relatively few voices from this industry.

2.3. China’s Development of the Internet of Things

China is set to become one of the world’s largest markets for IoT, with a broad market
outlook and an upward trend in IoT spending in China, with a CAGR of 5.5% from
2017–2020. As indicated in Figure 3, from 2017–2018, China’s IoT spending grew at a fast
rate, with a growth rate of 13.3%, and from 2018–2020 the growth rate slowed down to
an average of 5.4%, with China’s IoT entering a development bottleneck and waiting for
new technology breakthroughs and new applications. IoT spending in China has grown
from US$136.45 billion in 2017 to US$168.89 billion in 2020, with a CAGR of 5.5% from 2017
to 2020 [17].
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According to the IDC forecasts for 2021 in Figure 4, China, the US, and Western
Europe are expected to be the world’s top three IoT spending regions in 2024, with the
three accounting for over 70% of global spending, and with the US accounting for 23.8% of
global spending and Western Europe for 23.6%. In 2024, China will account for 26.7% of
the world’s IoT spending, making it the world’s largest country in terms of IoT spending.
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2.4. Hospitality Industry Reform

The pandemic has had a major impact on the hotel accommodation industry. After
the epidemic, hygiene requirements and health needs in the hospitality industry have
increased, consumers are more concerned about the cleanliness of hotels, and there is a
stronger demand for contactless services in hotels; therefore, the intelligent application of
IoT in hotels has become an inevitable trend [18].

From 2015–2019, the number of tourists in China has been rising (Figure 5). Tourism
arrivals rose from 3.99 billion in 2015 to 6.01 billion in 2019, a CAGR of 8.5% was reported
over the five-year period, and total tourism revenue increased from RMB 3.4 trillion in
2015 to RMB 570 million in 2018. The number of rooms in China’s accommodation sector
climbed from 2.655 million in 2013 to 4.228 million in 2019, with the occupancy rate of
star-rated hotels in China remaining at approximately 58–61% during the peak season and
48–50% during the low season from 2014 to the second half of 2019. Overall, the hotel
accommodation industry in China was developing steadily before the epidemic, with a
stable demand [19,20].
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Figure 5. Tourism numbers and total tourism revenue in China from 2015 to 2020.

In 2020, China’s tourism sector was affected, with the number of visitors falling to
2.88 billion and total tourism revenue falling to RMB 2.2 trillion (Figure 6a), down 61.1%
YoY. Occupancy rates for star-rated hotels in China fell to 22.8% at the beginning of 2020,
but then the decline narrowed rapidly, with occupancy rates for star-rated hotels in China
recovering to approximately 49% by Q3 2020 (Figure 6b).

As the pandemic continues to be contained, China’s tourism industry is gradually
recovering and the hotel accommodation industry is gradually picking up, but the post-
epidemic period has seen an increase in hygiene requirements and health needs in the
hospitality industry, with consumers paying more attention to the cleanliness of hotels
and a stronger demand for contactless services in hotels. The main applications of IoT in
hotels include smart robots and intelligent guest control systems, which will help to realize
contactless services in hotels.
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2.5. Application of IoT in the Hospitality Industry—Chain Analysis

The upstream of China’s IoT hotel applications are raw materials for IoT devices, of
which chips are highly dependent on imports, the midstream for hotel IoT service providers,
and the downstream for hotels.

2.5.1. Upstream of Hospitality Industry Chain—Chips

The current Chinese chip market is heavily reliant on overseas imports, with inde-
pendent development capabilities continuing to grow and midstream producers having
low bargaining power over chip prices. However, China’s independent chip research and
development enthusiasm is high, and the chip design industry is developing rapidly [21].

2.5.2. Upstream of Hospitality Industry Chain—IoT Modules

The overall supply of IoT modules is rising, the industry is developing well, and the
bargaining power is moderate, which will help the cost control of the production of IoT
hotel equipment, which will bring certain benefits to the production and sales of IoT hotel
equipment [22,23].

The IoT module is a key component of the IoT device; it is an important link between
the cognitive layer and the transmission layer of the IoT, and it is a necessary hardware
configuration and cannot be replaced. Common IoT modules are LORA control modules,
RF control modules, wireless control modules, etc.

From 2015 to 2019 (Figure 7), global IoT module shipments continued to rise, from
110 million units in 2015 to 310 million units in 2019, with a compound annual growth rate
of 23.0%. The overall supply of IoT modules is on the rise and the industry is developing
well, providing a guaranteed raw material supply base for the production of IoT smart
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devices, which will benefit the production and supply of IoT smart device manufacturers
in the midstream of the industry chain.
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As summarized in Figure 8, the upstream of the overall industry chain of IoT modules
in China is mainly composed of chip and other component manufacturers, the midstream
is mainly composed of wireless communication module manufacturers, the downstream is
for hotels and other IoT terminal enterprises, and then the IoT terminal enterprises will sell
their devices to enterprise customers. The technical difficulty of module manufacturing is
low, so IoT equipment manufacturers in the middle of the industry chain have moderate
bargaining power over IoT modules. This will help the cost control of the production of
IoT hotel equipment and the stability of the IoT’s terminal price. This will bring certain
benefits to the production and sales of IoT hotel equipment.
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2.5.3. Midstream of Hospitality Industry—Chain-Industry Cooperation and Integration

The midstream of hotel IoT application is mainly for hotel IoT integrated service
providers, hardware equipment manufacturers, and software equipment providers, of
which the midstream integrated service providers and hardware equipment manufactur-
ers integrate with each other, and IoT integrated service providers and software service
providers are mainly cooperative relationships.

The midstream of hotel IoT application is mainly composed of three parts, namely, a
hotel IoT integrated service provider, a hardware equipment manufacturer, and a software
equipment provider (Figure 9). On the one hand, the integrated service providers and
hardware equipment manufacturers have reached a win–win cooperation and procure-
ment agreement, and on the other hand, hardware equipment manufacturers provide IoT
solutions for their customers in specialized areas.
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The midstream of the supply chain is characterized by a high degree of concentration
and professional differentiation. High-quality enterprises have emerged in various fields,
such as Pujiai Technology and Rogeland for intelligent control systems, Yogo Robot and
Yimi Robot for intelligent robots, etc. Enterprises in the segment not only provide products
for customers, but also provide IoT solutions for customers in the segment.

There are two main forms of IoT applications in the market for hotels: (1) the use
of different API products from different manufacturers—the disadvantage of this model
is that the operation effect after integration is relatively unstable, and the flow is not as
smooth as the unified API; (2) the use of unified API products from unified manufacturers
to form an IoT device ecology. The advantages of this form of operation of the IoT system
are smooth operation, fewer failures, and higher efficiency. As a result, major vendors are
actively building their own IoT ecosystems to boost sales of their own IoT products and
maintain customer brand repurchase rates.

2.5.4. Downstream of Hospitality Industry Chain—Improving Hotel Operations

At this stream, the hospitality industry will benefit most from IoT in the areas of
security and asset management; in the future, IoT will have the greatest scope and the best
results in helping hotels to improve customer experience and increase revenue. According
to PwC 2020 research, the hospitality industry has a high level of interest and investment
in IoT applications. At this stage, the IoT has made significant improvements in enhancing
guest experience, security, and asset management, with current optimization levels of 53%.
In addition, the use of IoT in revenue enhancement, cost control, and big data decision
making has also made a significant contribution to hotels, with 47% efficiency improvement.

In the future, the IoT will have significant room for growth in terms of enhancing the
customer experience and increasing revenue. Hotels can enhance the customer experience
through smart homes, robotic services, and convenient check-in and check-out options,
with an estimated 33% improvement. The IoT will also increase revenue for the hospitality
industry, as the smart experience of the IoT will increase the attractiveness of hotels and
boost customer numbers, while the IoT system will reduce costs in terms of energy, labor,
and management, and is expected to increase revenue for hotels by 37% by 2030.

The optimization effect of the IoT on the hospitality industry is relatively outstanding.
At this stage, the efficiency of the IoT in all aspects of the hospitality industry is over 40%,
and the overall efficiency improvement is expected to reach 70–85%. The efficiency of IoT
in the hospitality industry is obviously improving the operation of hotels [24].
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2.5.5. Downstream of Hospitality Industry Chain—Enhance Hotel User Experience

The use of the Internet of Things in hotels is conducive to enhancing user experience.
The Internet of Things gives hotel users a more comfortable consumer experience by
regulating room temperature, providing intelligent lighting, enabling smart home services,
enabling supply chain management, and greening control as illustrated in Figure 10. The
IoT is used to improve user experience in three main stages: before the guest checks in,
after the guest checks in, and after the guest checks out [25].
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• Before check-in

Prior to check-in, users can use the OTA or the hotel’s own booking system to book a
room, and guests will receive relevant information automatically sent to the hotel, including
resident information, network login information, hotel services, etc., to facilitate the use of
guests. Some hotels are equipped with a self-check-in registration system, making a user’s
check-in more convenient.

• After check-in

The temperature control and lighting systems in the rooms can be used and deployed
according to the user’s actual usage and habits, making the stay more comfortable. Smart
devices are flexible and easy to operate, and real-time monitoring of inventory and product
quality ensures the quality of service and a smooth supply chain. The IoT is also used in
the maintenance of the hotel environment, saving a lot of manpower costs and maintaining
a good environment in the hotel.

• After check-out

When the user leaves the hotel, the hotel will use intelligent robots and other types
of equipment to help the customer carry their luggage and quickly settle the bill through
the payment channel. After the customer has left the hotel, the hotel will quickly notify
the cleaning staff through the intelligent system to clean the room, which will improve the
operational efficiency of the hotel and reduce the waiting time of the customer when the
room is in peak use.

3. Hypothesis
3.1. IoT Can Help Hospitality Industry Revolutionize the Supply Chain to Reduce Hotel Costs

The application of the Internet of Things in the hospitality industry will revolutionize
the hotel supply chain system, making it more timely, intelligent, unmanned, efficient, and
cost effective. The use of the IoT in hotels will facilitate the cost control of energy, labor, and
management in the hotel business process, with savings of up to 25–80%. The hospitality
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industry is mainly service-oriented, so a heap of advanced IoT equipment is not conducive
to the operation of the hotel. The development of the IoT in the hotel will be towards the
humanization of equipment, service, the integration of technology, data, and services that
will promote the development of the hotel.

3.2. The Drivers of IoT Adoption in the Hospitality Industry Depend on the Development of the
Communications Industry and the Pandemic

The popularization of Wi-Fi provides a platform for IoT applications. Smartphones
are the main client access points for IoT hotel equipment, and the rapid development of
mobile communications and the Internet has built the foundation for the development and
application of IoT in hotels. In the post-epidemic period, users and guests are demanding
higher levels of pandemic prevention and cleanliness in hotels, and the demand for con-
tactless services has increased, so there are new growth opportunities for IoT applications
in hotels.

3.3. Factors Limiting the Development of IoT in the Hospitality Industry May Be due to Lack of
Intelligence, Lack of Serviceability, Privacy Issues, and Lack of Financial Follow-Up

The lack of intelligence limits the use of IoT in the hospitality industry, mainly because
current algorithms limit the development of IoT smart devices applications, so artificial
intelligence devices are in their infancy and the capabilities of service-oriented robots are
not outstanding. Privacy is currently also a hot topic in the IoT hotel and even in the IoT
industry, where user data is collected in the course of use and the legality of such user data
collection is debatable [26].

4. China’s IoT Hospitality Industry Policy Analysis

As summarized in Table 1, in May 2020, the Notice on Furthering the Comprehen-
sive Development of Mobile Internet of Things announced by the Ministry of Industry
and Information Technology promoted the incorporation of NB-IoT standards into the
ITUIMT-2020 5G standard. It targeted the key areas such as smart home, smart agriculture,
industrial manufacturing, energy metering, smoke sensing, logistics tracking, and financial
payment [27,28].

Table 1. List of China IoT Hospitality industry Policy from 2020 to 2021.

Policy Title Date of Issue Issue Department

Notice on Furthering the Comprehensive Development of Mobile
Internet of Things 2020-05 Ministry of Industry and

Information Technology

Three-Year Action Plan to Expand and Upgrade Information
Consumption (2018–2020) 2018-07 Ministry of Industry and

Information Technology

Three-Year Action Plan to Promote the Development of a New
Generation of Artificial Intelligence Industries (2018–2020) 2017-12 Ministry of Industry and

Information Technology

The 13th Five-Year Plan for the Internet of Things (2016–2020) 2016-12 State Council of China

Smart Manufacturing Development Plan (2016–2020) 2016-12 Ministry of Industry and Information
Technology & Ministry of Finance

The 12th Five-Year Plan for the Development of the Internet
of Things 2011-12 Ministry of Industry and

Information Technology

Tracing back to the Three-Year Action Plan for Expanding and Upgrade Information
Consumption (2018–2020), the Ministry of Industry and Information Technology also men-
tioned the acceleration of the development of new display products. The government
would also support enterprises to increase investment in technological innovation and
breakthroughs in mass production technologies such as new back panels, ultra-high defini-
tion, and flexible panels to drive product innovation and achieve product restructuring.
Moreover, promoting panel enterprises and terminal enterprises to expand applications
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in different fields such as the Internet, the Internet of Things, and artificial intelligence;
to cultivate new growth points in the mid-to-high-end consumer sector; and to further
expand the scope of applications in online health care, security, and surveillance, smart
home and other fields had already become the new mission of the government work.

Similarly, the Three-Year Action Plan for Promoting the Development of a New Gen-
eration of Artificial Intelligence Industry (2018–2020) took market demand as the driving
force, actively fostered innovative AI products and services, and promoted the industrial-
ization of AI technologies and the integrated application of intelligent products in industry,
healthcare, transportation, agriculture, finance, logistics, education, culture, tourism, and
other fields. The development of intelligent control products was undertaken to promote
the popularization of intelligent hardware; deepen the applications of artificial intelligence
technology in smart homes, health management, mobile intelligent terminals, and vehicle
products; and enrich the intelligent functions of terminal products.

The State Council of China had also announced the 13th Five-Year Plan for the Internet
of Things (2016–2020) in order to promote innovation in the application of IoT in the
consumer sector; encourage technological innovation, business innovation, and model
innovation regarding the Internet of Things; and to actively cultivate new technological
models and new business models and promote the rapid growth of applications in the
consumer sector such as the Internet of Vehicles, smart homes, and health services. The
Internet of Things has grown rapidly; hence, the strengthening in technological innovation
and demonstrated applications of the Internet of Vehicles may also contribute to the
larger scale of home security, intelligent control of home appliances, home environment
management, and other smart home applications.

The IoT may also enhance the integration and application of a new generation of
information and communication technologies in equipment (products), and promote the de-
velopment, design, and industrialization of products such as intelligent network-connected
vehicles and service robots. This relies on advantageous enterprises to carry out the in-
tegrated innovation and applicable demonstration of intelligent manufacturing sets of
equipment and accelerate industrialization [29]. The IoT may also promote intelligent
network-connected vehicles, intelligent construction machinery, and intelligent ships. Such
developments may focus on supporting public security, medical and health care, and
smart home and other areas of the Internet of Things-related demonstrative application
projects. These developments leverage the advantages of IoT technology towards improv-
ing the quality of people’s lives and the level of social public management and promote the
innovation of application in the field of people’s livelihood services.

5. IoT Has Been Revolutionizing the Supply Chain of Hospitality Industry to
Reduce Costs
5.1. IoT Improve the Efficiency and Reduce the Cost of the Hotels Supply Chain

In the upstream of hotels’ supply chain (Figure 11), the IoT system records the current
product data in the warehouse in real time, and the hotel grants the rights to the supplier,
who can replenish the stock in time according to the stock situation. At the same time, the
supplier can also change the type and quantity of the products supplied by the hotel based
on the user usage data returned by the IoT system and improve the quantity of its own
products to meet market demand. The IoT equipment can be used to efficiently and quickly
check the logistics and goods data through sensors and RFID technology, thus making
the transport and logistics more personalized and improving the operational efficiency of
the hotel.

In the midstream of the supply chain, enabling inventory management and flow
detection through smart IoT devices may ensure the usual up-and-down of the supply
chain, guarantee the quality of service and resource reserves in the hotel, and over time,
will allow the business to predict seasonal highs and lows and raise or lower inventory
levels accordingly [30].
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In the downstream of the supply chain, regarding the aftermath of cleaning, once the
guest leaves the hotel, the IoT device will instantly notify the third-party service procured
by the hotel, which posts the task on the platform and the hotel cleaning professionals will
take the order on the service side. In this way, hotels can share their service staff to save
on operational costs. Regarding the maintenance and security, the hotel itself is subject to
predictive maintenance through the Internet of Things [31]. Sensors connected to the ERP
system monitor the parts of the hotel that need to be replaced and automatically send alerts
before breakdowns occur or before equipment runs out of critical consumables, which
reduces the need to hold excess stock and helps with maintenance planning.

5.2. IoT Improvements to Hotel Costs in 2021

In terms of energy costs, IoT hotel applications use wireless controllers and sensors to
detect the usage of customer rooms and adjust the control systems of air conditioning and
lighting in the room according to the actual needs, so as to maximize the rational allocation
of energy usage and achieve energy savings and cost reduction.

As summarized in Table 2, the IoT is effective in controlling labor costs and staff costs
will be saved by 40%. According to the National Bureau of Statistics, the average salary of
a service worker in China’s hospitality industry in 2020 will be RMB 48,260/year, while
the rent of an intelligent robot will be RMB 24,000–36,000/year, representing an overall
reduction in costs of approximately 40%. With the application of the Internet of Things
in hotels, some of the work will be converted from human management to intelligent
detection, the addition of intelligent robots and self-check-in machines will extend the
length of hotel services, and the use of intelligent delivery machines in restaurants will
improve the efficiency of hotel restaurant services. In general, energy accounts for around
6% of the hotel’s operating costs. With the use of the IoT, it is expected that energy costs
will be reduced to 4% of the operating costs and the hotel’s public service expenditure will
be reduced by 25% [32].

In terms of management costs, the IoT saves costs in transport and distribution, stock
turnover, and laundry. Transport costs are reduced through the unmanned delivery of
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goods via RFID. Inventory and turnover are monitored in real time through the IoT to
rationalize the scheduling of hotel equipment and supplies.

Table 2. IoT improvements to hotel costs in 2021.

Major Categories Subdivision Market Costs Cost Breakdown Solutions Costs after
Optimization Savings

Energy costs Energy 6% of
operating costs

Water, electricity,
gas, etc.

Using the
wireless controller

4% of
operating costs ≈25%

Labor costs

Staff 48,260 RMB/year Salaries, social
security, overheads Robotic assistance 24,000–36,000

RMB/year ≈40%

Room Distribution Approx. 16.8 RMB
per hour Labor costs Robot-assisted delivery

Approx.
2.7–4.2 RMB

per hour
≈80%

Restaurant Services Per 6 people Labor costs Robots instead of
manual labor 1 unit ≈80%

Management costs

Transport delivery Approx.
2–2.5 RMB/set

Vehicles, drivers, fuel
costs

RFID chip implantation
without handover

Approx.
0.6–0.7 RMB/set ≈65%

Stock Turnaround 360 RMB/set
Towel replacement

cycle 1 year, bedding
1.5 years

Scheduling of cloths via
app, on demand 250 RMB/set ≈30%

Laundry 360 RMB/set 3 times stock
availability

Three levels of
procurement based

on demand
220 RMB/set ≈70%

6. Drivers of IoT Adoption in Hospitality Industry Depend on the Development of the
Communications Industry and the Pandemic
6.1. Communications Development Drives IoT in the Hospitality Industry

The rapid development of mobile communications and the Internet is the basis for the
development and application of the IoT. From 2014 to 2020, the number of smartphones
in China has increased year after year in terms of ownership and penetration, and the
number of base stations is also growing rapidly. It is the development of the Internet and
communications industry that is driving the development and application of the IoT in the
hospitality industry [33,34].

Smartphone ownership in China continues to rise from 800 million units in 2014 to
1.3 billion units in 2020, a compound growth rate of 7.2% over seven years. The smartphone
penetration rate is also increasing, from 46.4% in 2014 to 58.7% in 2020, a 12.3% increase
over seven years. The growth and popularity of smartphones as client access points for the
IoT has contributed to the increase in users, making IoT applications more accessible to a
wider range of people and easier and faster to operate, facilitating the application of the
IoT in the hospitality industry [35].

The popularity of mobile networks and Wi-Fi is also an important factor in the devel-
opment of IoT applications in the hospitality industry. Between 2014 and 2020, there was a
rapid rise in the number of base stations in China, from 3.51 million in 2014 to 9.338 million
in 2020, with a compound annual growth rate of 15% over seven years. The increase in the
number of base stations is conducive to the laying of a network environment, and the full
coverage of Wi-Fi in hotels and the increase in network speed provide the foundation for
the use of the IoT in hotels.

6.2. Epidemic Drives the Development of IoT in Hospitality Industry

From 2014 to Q3 2019 (Figure 12), the occupancy rate of star-rated hotels in China
remained between approximately 45% and 60%, but the operating income of star-rated
hotels continued to decline, mainly due to (1) the impact of OTAs on traditional hotels. As
a result of the impact of OTAs, traditional hotels have no advantage in terms of price and
booking methods, which has led to a certain degree of decline in hotel revenue. (2) The
industry is highly competitive, focusing on low-price competition, but the application of
IoT in hotels will break this dilemma. On the one hand, the use of IoT in hotels no longer
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insists on low price competition but creates differentiation and comfort through IoT hotel
systems and equipment to attract users [36].
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The hospitality industry in China has been hit by the impact of the Newcastle Pneumo-
nia outbreak. In March 2020, operations in the Chinese star-rated hospitality industry hit a
low point, with an overall revenue of RMB 17.8 billion and occupancy rates reaching only
22.8%. However, as the epidemic gradually came under control in China and the economy
recovered, the hospitality industry’s operations quickly recovered and grew rapidly. In
the aftermath of the epidemic, users became more demanding in terms of the level of
epidemic prevention and the cleanliness of hotels, and demand for contactless services has
increased [37,38].

7. Factors Limiting the Development of IoT in Hospitality Industry
7.1. Constraints to the Application of IoT in Hospitality Industry in China

The factors limiting the development of IoT in the hospitality industry can be divided
into four points: a lack of intelligence, a lack of service, privacy issues, and a lack of financial
follow-up [39]. As summarized in Table 3, the lack of intelligence limits the application of
IoT in the hospitality industry, mainly because current algorithms limit the development
and application of IoT smart devices, so artificial intelligence devices are in their infancy
and the capabilities of service-oriented robots are not outstanding. The main reason for
this is that some of the IoT devices lack a sense of service, and the lack of human service
can create a bad user experience for the user; therefore, the hotel is irreplaceable in some
positions [40].

Privacy is a hot topic in the hotel IoT and the IoT industry, as the IoT collects user
data during use, and the legality of user data collection is questionable. Moreover, the
cost is also another contradiction in the application of IoT in hotels, as current hotel IoT
equipment is a new high-tech product with a high price tag. At the same time, hotels need
to invest a lot of money in retrofitting IoT equipment, and if weak electrical renovations are
required, they are costly.
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Table 3. The constraints of IoT application development in hospitality industry in China.

Constraints Specific Issues Examples

Insufficient intelligence
Smart devices are only semi-intelligent

and semi-manual, and cannot completely
replace manual labor.

The layout of the hotel rooms and the positions of
the furniture are different, and the machine cannot

adapt to them independently, so manual
intervention is required.

Lack of sense of service IoT devices lack a sense of service and are
more about problem solving.

Unable to recognize expressions and tone of voice;
unable to provide accurate service.

Privacy issues
IoT enables customer personalization
through big data collection, but also

inadvertently invades customer privacy.

There is a large number of camera equipment,
terminals, and sensors.

Inadequate financial follow-up
Smart hotels are larger and more costly in

terms of investment and have certain
capital requirements.

Requires large amounts of electrical energy, highly
stable network environment, and high-quality

system maintenance.

7.2. Investment Risks in the Application of IoT in Hospitality Industry in China

IoT in the hospitality industry has been widely discussed in the industry recently. As
summarized in Table 4, with the development of China’s communication industry and the
Internet, hotel intelligence has become an inevitable trend. China’s IoT application in the
hotel industry chain level is relatively clear; the industry chain’s upstream for IoT equip-
ment entails the raw materials, midstream for the hotel IoT service providers, downstream
for the hotel. In the upstream, China’s chip market relies heavily on overseas imports,
and China’s chip industry requires independent development capacity to grow. China’s
independent research and development of chip enthusiasm and chip design industry is
developing rapidly. The midstream comprehensive service providers and hardware equip-
ment manufacturers are required to integrate with each other; thus, the IoT comprehensive
service providers and software service providers are mainly for cooperation. Regarding
hotels, the use of IoT in downstream hotels is beneficial to hotel cost control, and the
IoT has an outstanding contribution to saving energy, labor cost, management cost, etc.
From 2016 to 2020, the market size of the IoT applications in hotels in China grew from
51.74 billion RMB to 67.18 billion RMB, with a compound annual growth rate of 5.4%, and
the three main reasons have also been summarised as below.

Table 4. The constraints of IoT application development in hospitality industry in China.

Risks Main Content Risk
Index

Impact
Index Risk Control Response

Competition risk
Market homogenization is
evident, and competition is

becoming fierce.
70% 70%

1. Improve product quality, expand market
share, and stabilize existing market position;

2. Improve service quality and form
brand reputation.

Construction or
renovation cost risk

The high construction cost will
bring some economic pressure

and cash flow risk.
40% 70%

1. Stable equipment and service prices;
2. Progressively realize hotel intelligence

according to the ability.

Security risk IoT hotel cyber security is a
crucial aspect. 30% 60%

1. Build a stable network security
maintenance system;

2. Real-time monitoring of hotel
network security;

3. Timely response to keep losses to a minimum.
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Table 4. Cont.

Risks Main Content Risk
Index

Impact
Index Risk Control Response

Market risk
A single intelligent hotel IoT

transformation does not
attract customers.

20% 30%
1. Multi-channel publicity to accurately capture

customer groups;
2. No reduction in the number of manual

customer service.

Technical risk

The IoT industry is rapidly
renewing and there is a risk of

rapid obsolescence of the
original IoT devices and

service systems, etc.

10% 10%
1. Construction and updating of important IoT

application parts;
2. Advocate flexible applications.

1. The rapid development of mobile communication and Internet has built the foun-
dation for the application of the IoT in hotels.

As the client access point of the IoT, the growth and popularity of smartphones is
conducive to the application of IoT, making the use of IoT applications more widespread
and the operating interface easier and faster, which also provides the foundation for the
application of the IoT in hotels.

2. The demand for contactless services in hotels has increased, and the application of
IoT in hotels has achieved new growth opportunities in the post-pandemic period.

After the epidemic, the hygiene requirements and health needs of the hotel industry
have increased, and consumers are more concerned about the cleanliness of hotels and
have a stronger demand for contactless services in hotels. The application of IoT in hotels
mainly includes intelligent robots, intelligent guest control systems, etc. These hotel IoT
devices will contribute to the realization of contactless services in hotels [41].

3. The development of the Internet of Things in hotels will move towards the hu-
manization of equipment and services.

The development of the IoT in the hotel will progress towards equipment humaniza-
tion, service through the role of human–machine linkage, and reasonable IoT equipment
and manual management, so that the IoT reasonably promotes the efficiency of manual
work, while injecting “warmth” and “quality” for IoT equipment [42].

8. Trends in the IoT Application in Hospitality Industry—The Integration of
Technology and Services

The hospitality industry is mainly service-oriented, so a heap of advanced IoT equip-
ment is not conducive to the operation of the hotel. The development of the IoT in the hotel
will progress towards the humanization of equipment and service, and the integration of
technology, data, and services will promote the development of the hotel. The hospitality
industry is primarily service-oriented, providing users with a good and comfortable stay
experience, and the piling up of advanced IoT devices will result in negative impacts
such as poor user adaptation and reduced comfort, which is not conducive to the hotel
business [43].

The development of IoT in the hotel will progress towards the humanization of equip-
ment and services, through the role of human–machine linkage alongside the reasonable
management of IoT equipment and human labor, so that the IoT can reasonably promote
the work efficiency of human labor, while injecting “warmth” and “quality” into the IoT
equipment (Figure 13). The main role of the IoT is not only to provide a better sensory
experience for users, but also to assist hotels to operate more effectively. However, the big
data obtained from the IoT devices cannot accurately paint a picture of the users [44].
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high-tech areas will also provide the ultimate integration of the hospitality industry, digital
tourism resources, and travel management, gradually constructing a functional trinity. In
addition, the application of the IoT will promote the improvement of guest satisfaction,
staff productivity, environmental sustainability, while at same time reducing costs and
increasing profits in the hospitality industry.

Author Contributions: M.C., M.G. and Z.J. made substantial contributions to the conception and
design of the work and the acquisition; A.S. and Z.X. greatly contributed to the analysis and interpre-
tation of the data; M.C. drafted the work; A.S. and Y.L. critically revised it for important intellectual
content; M.C., Y.L. and A.S. made the final approval of the completed version; M.C. and M.G. took
accountability for all aspects of the work such as ensuring that questions related to the accuracy or
integrity of any part of the work were appropriately investigated and resolved; A.S. and Y.L. both
acted as the corresponding authors of this work. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. China’s NB-IoT industry chain matures. China Telecom. Newsl. 2017, 21, 2.
2. Michael, C. Cisco: IoT traffic is taking over; 5G, WiFi 6 are ascending: Cisco Internet Report prognosticates M2M, 5G, WiFi,

broadband impact by 2023. Network World, 20 February 2020.
3. Dave, M. How the hospitality industry will profit from the IoT. Network World, 9 May 2019.



Processes 2022, 10, 1256 19 of 20

4. Nadkarni, S.; Kriechbaumer, F.; Rothenberger, M.; Christodoulidou, N. The path to the Hotel of Things: Internet of Things and
Big Data converging in hospitality. J. Hosp. Tour. Technol. 2020, 11, 93–107. [CrossRef]

5. Mercan, S.; Cain, L.; Akkaya, K.; Cebe, M.; Uluagac, S.; Alonso, M.; Cobanoglu, C. Improving the service industry with
hyper-connectivity: IoT in hospitality. Int. J. Contemp. Hosp. Manag. 2021, 33, 243–262. [CrossRef]

6. Verma, A.; Shukla, V.K.; Sharma, R. Convergence of IOT in Tourism Industry: A Pragmatic Analysis. J. Physics. Conf. Ser. 2021,
1714, 12037. [CrossRef]

7. Upadrista. IoT Standards with Blockchain: Enterprise Methodology for Internet of Things; Apress, L.P.: New York, NY, USA, 2021.
8. Navio-Marco, J.; Ruiz-Gómez, L.M.; Sevilla-Sevilla, C. Progress in wireless technologies in hospitality and tourism. J. Hosp. Tour.

Technol. 2019, 10, 587–599. [CrossRef]
9. Jayashree, L.S.; Selvakumar, G. Enterprise IoT Development Platforms. In Getting Started with Enterprise Internet of Things: Design

Approaches and Software Architecture Models; Springer International Publishing: Cham, Switzerland, 2020; pp. 129–142. [CrossRef]
10. Maamar, Z.; Faci, N.; Yahya, F. A Guiding Framework for IoT Servitization. In Next-Gen Digital Services. A Retrospective and

Roadmap for Service Computing of the Future; Springer International Publishing: Cham, Switzerland, 2021; pp. 179–188. [CrossRef]
11. Pelet, J.É.; Lick, E.; Taieb, B. The internet of things in upscale hotels: Its impact on guests’ sensory experiences and behavior. Int. J.

Contemp. Hosp. Manag. 2021, 33, 4035–4056. [CrossRef]
12. Yang, Y.; Luo, X.; Chu, X.; Zhou, M.-T. IoT Technologies and Applications. In Fog-Enabled Intelligent IoT Systems; Springer

International Publishing: Berlin/Heidelberg, Germany, 2019; pp. 1–37. [CrossRef]
13. Hou, J.; Li, B. The Evolutionary Game for Collaborative Innovation of the IoT Industry under Government Leadership in China:

An IoT Infrastructure Perspective. Sustainability 2020, 12, 3648. [CrossRef]
14. Liu, W.; Xia, Y.; Xu, M.; Xie, J.; Luo, R.; Huang, D. Distributed and Accurate Packet Reception Rate Estimation under Cross-

Technology Interference. In Proceedings of the IEEE Global Communications Conference, Taipei, Taiwan, 7–11 December 2020;
pp. 1–6.

15. Yang, Y.; Xie, W. Composition and Communication Analysis of M2M System in Internet of Things. In Proceedings of the
International Conference on Artificial Intelligence and Electromechanical Automation (AIEA), Guangzhou, China, 14–16 May
2021; pp. 113–116. [CrossRef]

16. Amjed, R.; Croock, M.S. Dominated destinations of tourist inside Iraq using personal information and frequency of travel.
Telkomnika 2019, 17, 1723–1730. [CrossRef]

17. Wu, H.; Wu, X.; Li, Y.; Zeng, Y. Collision Resolution with FM0 Signal Separation for Short-Range Random Multi-Access Wireless
Network. IEEE Trans. Signal Inf. Processing Over Netw. 2021, 7, 438–450. [CrossRef]

18. LG leads the commercial spaces in providing Display-based, Air Conditioning, and IoT solutions. HospitalityBiz, 28 June 2018.
19. IoT Industry in China to 2025—Key Drivers and Barriers. Plus Company Updates, 16 August 2021.
20. Li, Y.; Xiao, P.; Dai, Z.; Bi, B.; Fu, D.; Hao, Y. Opportunities and Challenges Faced by the Online Educational Services in the

Post-COVID-19. In Proceedings of the 2nd International Symposium on Education and Social Sciences (ESS 2021), Xi’an, China,
22–23 May 2021; pp. 148–159.

21. New Sustainability Research Research from Harbin Engineering University Outlined (The Evolutionary Game for Collaborative
Innovation of the IoT Industry under Government Leadership in China: An IoT Infrastructure Perspective). China Weekly News,
1 May 2020; 437.

22. Wang, K.; Zhao, Y.; Gangadhari, R.K.; Li, Z. Analyzing the Adoption Challenges of the Internet of Things (IoT) and Artificial
Intelligence (AI) for Smart Cities in China. Sustainability 2021, 13, 10983. [CrossRef]

23. Sharma, A. The Role of IoT in the Fight Against Covid-19 to Restructure the Economy. In HCI International 2021—Late Breaking
Papers: HCI Applications in Health, Transport, and Industry; Springer International Publishing: Cham, Switzerland, 2021; pp. 140–156.
[CrossRef]

24. Moyeenudin, H.M.; Bindu, G.; Anandan, R. OTA and IoT Influence the Room Occupancy of a Hotel. In Data Management,
Analytics and Innovation; Springer: Singapore, 2021; pp. 265–274. [CrossRef]

25. Maglogiannis, I.; Iliadis, L.; Pimenidis, E. Artificial Intelligence Applications and Innovations. In Proceedings of the AIAI 2020
IFIP WG 12.5 International Workshops [Electronic Resource]: MHDW 2020 and 5G-PINE 2020, Neos Marmaras, Greece, 5–7 June
2020; Springer International Publishing: Berlin/Heidelberg, Germany, 2020. [CrossRef]

26. Wang, X.; Leung, V.C.M.; Li, K.; Zhang, H.; Hu, X.; Liu, Q. 6GN for Future Wireless Networks. In Proceedings of
the 3rd EAI International Conference, 6GN 2020, Tianjin, China, 15–16 August 2020; Springer International Publishing:
Berlin/Heidelberg, Germany, 2020. [CrossRef]

27. Industry News: Reliance Group’s IoT Arm Ties up with China’s Fibocom. Electronics Bazaar, 20 July 2017.
28. 2020 IoT opens new opportunities for China IoT industry—Booth reservations are booming. PR Newswire, 25 November 2019.
29. Xiaozhong, L.; Yueli, G.; Hailei, Z. Comparative research on the IOT industry competitiveness of Eastern, Central and Western

China. J. Grey Syst. 2016, 28, 53.
30. Zheng, D. Future Communication, Information and Computer Science. In Proceedings of the International Research Association

of Information and Computer Science, Beijing, China, 22–23 May 2014; Taylor & Francis Group: London, UK, 2015. [CrossRef]
31. Mohamed, Y.; Liqaa, N. IoT Technologies during and Beyond COVID-19: A Comprehensive Review. Future Internet 2021, 13, 105.

[CrossRef]

http://doi.org/10.1108/JHTT-12-2018-0120
http://doi.org/10.1108/IJCHM-06-2020-0621
http://doi.org/10.1088/1742-6596/1714/1/012037
http://doi.org/10.1108/JHTT-07-2018-0061
http://doi.org/10.1007/978-3-030-30945-9_7
http://doi.org/10.1007/978-3-030-73203-5_14
http://doi.org/10.1108/IJCHM-02-2021-0226
http://doi.org/10.1007/978-3-030-23185-9_1
http://doi.org/10.3390/su12093648
http://doi.org/10.1109/AIEA53260.2021.00031
http://doi.org/10.12928/telkomnika.v17i4.11956
http://doi.org/10.1109/TSIPN.2021.3093000
http://doi.org/10.3390/su131910983
http://doi.org/10.1007/978-3-030-90966-6_11
http://doi.org/10.1007/978-981-16-2934-1_17
http://doi.org/10.1007/978-3-030-49190-1
http://doi.org/10.1007/978-3-030-63941-9
http://doi.org/10.1201/b18049
http://doi.org/10.3390/fi13050105


Processes 2022, 10, 1256 20 of 20

32. Li, L. China’s manufacturing locus in 2025: With a comparison of “Made-in-China 2025” and “Industry 4.0.”. Technol. Forecast.
Soc. Chang. 2018, 135, 66–74. [CrossRef]

33. Visible energy unveils IOT products for commercial refrigeration at China refrigeration 2016: New Wi-Fi connected devices change
how commercial refrigerators operate, achieving unprecedented energy savings and efficiency. PR Newswire, 11 April 2016.

34. Gong, J.; Xu, Z.; Wang, X.; Gu, M.; Ong, P.; Li, Y. Established and Nascent Entrepreneurs: Comparing the Mental Health, Self-Care
Behaviours and Wellbeing in Singapore. Front. Sociol. 2022, 7, 843101. [CrossRef] [PubMed]

35. Wang, X.; Ning, Z.; Zhou, M.; Hu, X.; Wang, L.; Hu, B.; Kwok, R.Y.K.; Guo, Y. A Privacy-Preserving Message Forwarding
Framework for Opportunistic Cloud of Things. IEEE Internet Things J. 2018, 5, 5281–5295. [CrossRef]

36. IoT Partner Programs Now Streamlining Ecosystem to Enter New Markets. Communications Today, 17 July 2019.
37. Semtech’s LoRa Technology Expands Presence as Leading Internet of Things (IoT) Platform in China: Alibaba Cloud and Zhejiang

Provincial Company of China Unicom deploy LoRa Technology in Hangzhou to expand China’s IoT industry. NASDAQ OMX’s
News Release Distribution Channel, 9 April 2018.

38. Li, Y.; Xu, Z.; Hao, Y.; Xiao, P.; Liu, J. Psychosocial Impacts of Mobile Game on K12 Students and Trend Exploration for Future
Educational Mobile Games. Front. Educ. 2022, 7, 843090. [CrossRef]

39. Marriott International Teams with Samsung and Legrand to Unveil Hospitality Industry’s IoT Hotel Room of The Future, En-
abling the Company To Deepen Personalized Guest Experience. Journal of Engineering; Bethesda, MD, USA, 2017; Avail-
able online: https://news.marriott.com/news/2017/11/14/marriott-international-teams-with-samsung-and-legrand-to-
unveil-hospitality-industrys-iot-hotel-room-of-the-future-enabling-the-company-to-deepen-personalized-guest-experience
(accessed on 1 May 2022).

40. Meghamala, P. The IoT in Hospitality: Advantages and Limitations. 2019. Available online: electronicsofthings.com (accessed on
1 May 2020).
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