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Abstract: With the advent of the post-epidemic era, the energy consumption characteristics of hotels
have changed, which has an important impact on urban energy conservation. In order to contribute
to the goal of carbon neutrality, this study discusses the energy-saving operation strategy of hotels
considering the impact of the COVID-19 epidemic. Based on the energy consumption characteristics
of large public buildings, this paper analyzes the energy consumption distribution and operation
characteristics of hotel buildings in detail. By collecting energy consumption data from five typical
large hotel buildings in a tourist city in southern China from 2018 to 2022, the impact of COVID-19 on
hotel energy consumption and hotel business characteristics was discussed in detail. Combined with
the economic development characteristic in the post-epidemic era, this paper explores the energy-
saving strategies that hotels can adopt in the context of normalized epidemic prevention and control
and obtains the optimal path of low-carbon economic operation of hotel buildings. This study reveals
the energy consumption characteristics and energy-saving potential of hotel buildings, and provides
enlightenment for hotel management and low-carbon development in the post-epidemic era.

Keywords: hotel building; energy conversation; energy consumption; carbon emission; COVID-19
impact; carbon neutrality

1. Introduction

With the continuous advancement of social industrialization and accelerating urban
modernization, problems such as the energy crisis and resources and ecological environ-
ment deterioration have gradually intensified, seriously affecting the sustainable develop-
ment of society [1]. In addition, the outbreak of the COVID-19 epidemic has further affected
the way of life and production of human beings [2], which has also had an important
impact on hotel energy consumption. As a result, it is essential to explore efficient energy
conservation and emission reduction strategies. A hotel’s operation will consume much
energy and generate a lot of carbon emissions, which also contains great energy-saving
potential [3]. Therefore, in order to promote the construction of low-carbon cities, it is
essential to explore the energy-saving operation strategies of hotels considering the impact
of the COVID-19 epidemic in the context of carbon neutrality.

In recent years, the building industry has developed rapidly. According to the statis-
tics of the “China Building Energy Conservation Association”, the total building area of
China has reached 43 billion square meters. Among them, large-scale public buildings
only account for 5%, but their energy consumption is up to 25% of the total social energy
consumption [4]. As a typical large-scale public building, hotels have high energy con-
sumption and carbon emissions [5]. It is estimated that the energy consumption of star
hotels accounts for 22.32% of the total energy consumption in the tourism industry, and
the carbon emissions account for 41.5% of the total emissions in the tourism industry [6].
Currently, the energy utilization efficiency of hotel buildings in China is relatively low.
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Specifically, the average power consumption of hotel buildings is more than 10 times that
of residential buildings, while water consumption is more than 5 times that of residential
buildings [7].

In order to improve the efficiency of energy conservation and emission reduction
(ECER) in hotels, scholars have carried out a series of studies on the energy-saving op-
eration of hotels. For example, in terms of hotel building design, the existing research
mainly discusses the energy-saving measures of hotel buildings from the perspectives of
maximizing natural ventilation [8], lighting design [9], and thermal insulation design [10].
In terms of rational use of energy, hotel buildings use a lot of renewable energy sources
(RES) [11], specifically some hotels demonstrate the application of roof photovoltaics [12].
In addition, many hotels also optimize the use of resources inside the building, so as
to achieve energy-saving operation. For example, energy-saving variable frequency air
conditioners [13], automatic energy-saving lighting [14], and building energy optimization
management system [15] are all used to promote the low-carbon operation of the hotel
while meeting the comfort requirements of users. However, with the continuous promotion
of the carbon neutral goal, these studies have limitations in comprehensively discussing the
energy-saving operation of hotels. In particular, the promotion of normalized COVID-19
epidemic prevention and control has brought new challenges and opportunities to the
energy-saving operation of hotels.

In addition, the outbreak of COVID-19 epidemic has seriously influenced and changed
the hotel operation feature [16]. In order to explore the impact of the COVID-19 epidemic
on hotel energy-saving operation, scholars also conducted some analysis on the operation
characteristic of hotel buildings during the epidemic. For example, the correlation analysis
between user satisfaction and energy consumption during the epidemic [17], the correlation
analysis between hotel design and operation during the epidemic [18], and the operating
characteristics of hotels during the epidemic [19]. In addition, other studies include the
impact of COVID-19 on hotel architectural design in terms of employee performance [20],
or the impact of COVID-19 on hotel booking willingness [21]. However, these studies
mainly focused on the impact of COVID-19 on hotel operation and service characteristics,
or mainly analyzed the impact of COVID-19 on the overall energy consumption of buildings
but lacked a separate analysis of specific hotels. Whether it is the epidemic outbreak or
normalization period, it impacts the operation of hotel buildings significantly. Therefore,
as an essential field of ECER, it is crucial to analyze the energy consumption and carbon
emission characteristics of hotel buildings with high investment, high consumption and
high pollution.

Based on the above problems, in order to fill in the gaps in existing research, this study
discussed the energy-saving operation characteristics of hotels in detail considering the
impact of the COVID-19 epidemic in the context of carbon neutrality. Then, prospect of
the low-carbon economy operation strategy for hotels is put forward to provide technical
and theoretical support for the construction and development of near zero-carbon hotel
buildings and promote the realization of the global carbon neutrality goal. The main
contributions of this paper are as follows:

(1) Based on the energy consumption characteristics of large-scale public buildings, the
energy consumption distribution and operation characteristics of hotel buildings is
analyzed in detail.

(2) By collecting energy consumption data from five typical hotel buildings in a tourist
city in southern China from 2018 to 2022, the impact of COVID-19 on hotel energy
consumption and business characteristics is analyzed in detail.

(3) Combined with the characteristics of economic development in the post-epidemic
era, the energy-saving strategies that can be adopted by hotels during the period of
epidemic normalization prevention and control are discussed, and the optimization
path of low-carbon economic operation of hotel buildings is obtained.

The primary research method of this paper is as follows: through research cooperation
with five large hotels in a tourist city in southern China, part of the energy consumption
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data of these hotels from 2018 to 2022 are collected, and detailed data processing and
analysis of this information are carried out. These data are from the measured data of
both parties. It is worth noting that some data may have errors due to the influence of
weather, human behavior, and other factors in the data collection process. However, they
do not affect the overall trend of the results. The remainder of this paper is organized
as follows: Section 2 mainly introduces the overall energy consumption distribution and
operation characteristics of the hotel building. Section 3 analyzes the energy consumption
characteristics of the surveyed typical hotels before and after the COVID-19 pandemic.
Based on the content of Section 3, Section 4 further discusses the energy-saving measures
and low-carbon operation strategies of hotels under the post-epidemic era. Section 5 is
the conclusion.

2. Energy Consumption Characteristics of Hotel Buildings
2.1. Energy Consumption Distribution of Large Public Buildings

Hotels, usually as a kind of typical large-scale public building, have a typical energy
consumption distribution. It is of great significance to analyze large-scale public buildings’
energy consumption distribution characteristics. The energy consumption of large public
buildings is generally dominated by electricity, supplemented by natural gas, coal, steam
and municipal hot water, which are characterized by high energy consumption density
and great energy-saving potential [22]. Among them, the annual energy consumption of
office buildings, hotels and shopping malls is about 100 kW/(m2·a), 100–200 kW/(m2·a)
and 200–300 kW/(m2·a), respectively [23]. As shown in Figure 1, the energy consumption
of large public buildings is mainly distributed in heating, ventilation and air conditioning
(HVAC), lighting sockets, power equipment and special function equipment. Among them,
about 50–60% of the energy is consumed in HVAC, and about 20–30% is for lighting [24].
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Figure 1. Energy consumption distribution characteristics of large public buildings. 
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Figure 2. Energy consumption distribution of large public buildings in different stages. 
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and gradually picked up in 2021. This transition is because, with the reasonable control of 
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From the perspective of the whole life cycle, buildings can be counted as the industry
with the most significant carbon emission in China [25]. According to a report by China
Building Energy Efficiency Association, in 2019, the whole process of building energy
consumption in China accounted for 45% of the total, and the carbon emission accounted for
50.6% of the total carbon emission [26]. Figure 2 shows the energy consumption distribution
characteristics of large public buildings in each stage from 2010 to 2019. Among them, the
energy consumption of the building operation process is increasing yearly. In addition, from
the perspective of building materials production, steel, cement and glass have high energy
consumption and carbon emissions. In terms of the subsequent use of the buildings, the
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carbon emissions generated by daily heating, electricity, etc., should not be underestimated.
In 2020, the COVID-19 outbreak caused a dramatic change in the distribution of energy
consumption in buildings. Among them, the energy consumption of large public buildings
decreased significantly (except for some hotels expropriated by the government), while
the energy consumption of residential buildings increased significantly [27]. Although the
overall energy consumption of buildings was in a state of decline in 2022, with the epidemic
prevention and improvement in situation control, the rapid advancement of urbanization,
and the in-depth adjustment of the industrial structure, the energy consumption and carbon
emissions of the construction industry will further increase under the post-epidemic era.
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2.2. The Quantity Distribution and Operation Characteristics of the Hotel

In recent years, the improvement of the tourism economy has promoted the continuous
development of the hotel industry. According to the National Tourism Administration’s
statistics on hotels in China [28], the number of hotels with different stars in China from 2015
to 2021 is shown in Figure 3. Among them, the number of three-star hotels is the largest,
and the overall number shows a downward trend. Due to the outbreak of COVID-19 in
February 2020, the emergency policy of shutting down the country had a significant impact
on the hotel industry. From 2019 to 2021, the total number of hotels declined by about 5.9%
and 9.73%, respectively. Among them, the primary decline mainly occurred in the number
of two-star to four-star hotels, while the number of five-star hotels changed little. Although
the number of one-star hotels is small, the decline rate reached 53.33% in 2020–2021 as well.
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Figure 4 analyzes the operating conditions of the hotel from 2015 to 2021. From
2015 to 2019, the overall operating income, room income and catering income of the hotel
maintained a stable value, and the fluctuation range was small. Due to the COVID-19
pandemic, these incomes showed a definite downward trend of 36.33% from 2019 to 2020,
and gradually picked up in 2021. This transition is because, with the reasonable control
of the epidemic, the city gradually resumed work and production, so that the business
status of hotels began to recover. Although the business situation of the hotel has gradually
improved and the room occupancy rate has gradually increased under the premise of
strictly implementing normalized epidemic prevention and control measures, the hotel is
still in a loss state, which reasonably explains the reason for the decrease in the number
of hotels.
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2.3. The Overall Energy Consumption Level of Hotel Buildings

According to statistics, before the outbreak of COVID-19, the annual electricity con-
sumption of hotels in China was usually 0.3~1.5 million kWh, and the annual electricity
consumption of star hotels was 1~10 million kWh [29]. China has a wide geographical
distribution. Due to the different geographical locations, climate conditions and tourism de-
velopment, the energy consumption of hotel buildings in different regions varies greatly. As
shown in Figure 5a, the average energy consumption of southern cities with hot summers
and warm winters (such as Hainan) is about 150 kWh/(m2·a) [30], while that of northern
cities with cold weather (such as Xi ‘an) is about 135.6 kWh/(m2·a). The difference between
the two hotels is 10.62%. Although the two cities are both rapidly developing tourism
cities, the energy consumption gap is still significant. In addition, in Beijing, Shanghai,
Guangdong, Shenzhen and other areas with rapid economic development, the average
energy consumption of hotel buildings is high, usually above 160 kWh/(m2·a). These cities
have a multitude of business contacts and usually require a high level of service from hotels,
which leads to higher energy consumption in hotel buildings.

It is worth noting that hotel differences, such as star rating, service level and open
function, will also have different impacts on hotel energy consumption in the same
area [31]. For example, the energy consumption of different star hotels in Shanghai is
42.2~347.9 kWh/(m2·a), with a maximum difference of 724.41%. The difference of power
consumption between five-star and four-star hotels in Wenzhou is 33.34 kWh/(m2·a), while
the energy consumption difference between hotel buildings in Dalian also reached 81.24%.
In addition, due to the impact of the COVID-19 pandemic, hotel energy consumption in all
regions showed a significant trend of decline. Due to the influence of lockdown policies and
population aggregation, the energy consumption of hotels in different regions also varies
significantly. For example, most hotels in Wuhan, the worst-hit area, were requisitioned as
government quarantine sites, so their energy consumption during the pandemic was very
high. The energy consumption of hotels in other areas is significantly different according to
whether it is expropriated.



Sustainability 2022, 14, 14919 6 of 15

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 16 
 

It is worth noting that hotel differences, such as star rating, service level and open 
function, will also have different impacts on hotel energy consumption in the same area 
[31]. For example, the energy consumption of different star hotels in Shanghai is 
42.2~347.9 kWh/(m2·a), with a maximum difference of 724.41%. The difference of power 
consumption between five-star and four-star hotels in Wenzhou is 33.34 kWh/(m2·a), 
while the energy consumption difference between hotel buildings in Dalian also reached 
81.24%. In addition, due to the impact of the COVID-19 pandemic, hotel energy consump-
tion in all regions showed a significant trend of decline. Due to the influence of lockdown 
policies and population aggregation, the energy consumption of hotels in different re-
gions also varies significantly. For example, most hotels in Wuhan, the worst-hit area, 
were requisitioned as government quarantine sites, so their energy consumption during 
the pandemic was very high. The energy consumption of hotels in other areas is signifi-
cantly different according to whether it is expropriated. 

Figure 5b shows the energy utilization intensity (EUI) characteristics of hotels in dif-
ferent regions in China. The EUI of cold regions, hot summer and cold winter regions and 
hot summer and warm winter zone are 159 kWh/(m2·a), 179 kWh/(m2·a) and 156 
kWh/(m2·a), respectively. The maximums and minimums of energy consumption in the 
three zones are similar, approximately 276 kWh/(m2·a) and 82 kWh/(m2·a) [32]. It reveals 
that the minimum energy consumption in each climate zone is basically the same. Severe 
regions have colder winters and require much energy for heating. Regions with hot sum-
mers and warm winters have more extended periods of high temperatures in summer, 
requiring energy for cooling. Therefore, energy consumption in these two regions is 
higher than in regions with hot summers and cold winters. 

Wenzhou: 109.51~142.85kWh/(m2a)
Changsha: 50.19~273.99kWh/(m2a)

Nanning:  85~120kWh/(m2a)

Suzhou: Maximum 182.1kWh/(m2a)
Wuhan: 106.976~288.856kWh/(m2a)

Hainan Province: 105~150kwh /(m2a)
Guangdong: 1.209~3.379GJ/(m2a)
Shenzhen: 228.69kWh/(m2a)
Dongguan: 2.273GJ/(m2a)

Xi 'an: 41.83~271.76kWh/(m2a)
Beijing:  96~224kWh/(m2a)

Chongqing:  100~308kWh/(m2a)

Shanghai: 42.2~347.9kWh/(m2a)

Dalian: 131.80~238.88kWh/((m2a)

 

50

100

150

200

250

300

Cold zone
Hot summer 

and cold 
winter zone

Hot summer 
and warm 

winter zone

En
er

gy
 u

se
 in

te
ns

ity
 (E

U
I)

 (k
W

h/
(m

2 a)
)

 

(a) (b) 

Figure 5. Overall energy consumption distribution characteristics of hotel buildings: (a) Energy con-
sumption distribution characteristics of hotel building in different regions; (b) Energy consumption 
distribution characteristics of hotel building in different regions. 

3. Case Study of Hotel Energy-Saving Operation Considering the Impact of COVID-
19 
3.1. Detailed Energy Consumption Analysis of the Hotel 
3.1.1. Evolution Characteristics of Hotel Energy Consumption during COVID-19 

In order to explore and deeply analyze the ECER potential of hotel buildings, the 
study conducted research in cooperation with five large hotels and two Bed and Break-
fasts (B&B) in a tourist city in southern China, and accomplished investigation and anal-
ysis of these hotels’ energy consumption data. The detailed parameters of these hotel 
buildings are shown in Table 1. All the data analyzed in this paper come from the 

Figure 5. Overall energy consumption distribution characteristics of hotel buildings: (a) Energy con-
sumption distribution characteristics of hotel building in different regions; (b) Energy consumption
distribution characteristics of hotel building in different regions.

Figure 5b shows the energy utilization intensity (EUI) characteristics of hotels in differ-
ent regions in China. The EUI of cold regions, hot summer and cold winter regions and hot
summer and warm winter zone are 159 kWh/(m2·a), 179 kWh/(m2·a) and 156 kWh/(m2·a),
respectively. The maximums and minimums of energy consumption in the three zones
are similar, approximately 276 kWh/(m2·a) and 82 kWh/(m2·a) [32]. It reveals that the
minimum energy consumption in each climate zone is basically the same. Severe regions
have colder winters and require much energy for heating. Regions with hot summers and
warm winters have more extended periods of high temperatures in summer, requiring
energy for cooling. Therefore, energy consumption in these two regions is higher than in
regions with hot summers and cold winters.

3. Case Study of Hotel Energy-Saving Operation Considering the Impact of COVID-19
3.1. Detailed Energy Consumption Analysis of the Hotel
3.1.1. Evolution Characteristics of Hotel Energy Consumption during COVID-19

In order to explore and deeply analyze the ECER potential of hotel buildings, the
study conducted research in cooperation with five large hotels and two Bed and Breakfasts
(B&B) in a tourist city in southern China, and accomplished investigation and analysis of
these hotels’ energy consumption data. The detailed parameters of these hotel buildings
are shown in Table 1. All the data analyzed in this paper come from the measured data
of both parties. However, due to the interference of weather, human behavior and other
factors in data measurement and collection process, some data have specific errors, but
they do not affect the overall trend of the results.

The average electricity consumption of the five large hotels and two B&Bs investigated
in this paper from the first quarter of 2018 to the third quarter of 2022 is shown in Figure 6.
Because of the differences in the hotel stars and building area, their energy consumption
difference is also relatively significant. Hotel 1 and Hotel 2 are five-star hotels, and their
energy consumption exceeds that of Hotel 3 and Hotel 4. Although Hotel 5 is a four-star
hotel, its energy consumption is relatively large because of its large building area. In
comparison, the energy consumption of the two B&Bs is comparatively small. Therefore, it
is imperative to explore the energy-saving potential of high-energy hotel buildings.
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Table 1. Detailed parameters of the hotel building.

Hotel or
B&B

Total Building
Area/m2 (Excluding

Green Area)
Building Floor

Single Floor
Area of

Building

Hotel Star
Index

Hotel 80,000 9 8888.88 m2 Five-star
Hotel 2 40,000 7 4000~4500 m2 Five-star
Hotel 3 28,000 4 7000 m2 Four-star
Hotel 4 10,000 9 1111 m2 Four-star
Hotel 5 46,800 6 7800 m2 Four-star
B&B 1 1120 3.5 320 m2 –
B&B 2 1150 5 230 m2 –
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Since the outbreak of COVID-19 in 2020, the impact of lockdown policies has signifi-
cantly changed the energy consumption of different hotels. Compared to the first quarter of
2019, hotels and B&Bs showed a downward trend in energy consumption in the first quarter
of 2020. In particular, the year-on-year decrease rates of Hotel 1 and Hotel 2 reached 68.91%
and 57.86%, respectively. With the gradual control of the epidemic, many cities began
to reopen in May 2020 gradually. The travel rate of people gradually increased, making
hotel energy consumption sharply increased in the second quarter of 2020. However, these
energy consumptions are still lower than that in the second quarter of 2019, which shows
that the hotel industry is still greatly limited by the impact of the COVID-19 epidemic, and
the business situation is not optimistic. Under regular epidemic prevention and control,
hotels will not gradually recover to the pre-epidemic consumption level until the third
quarter of 2021.

Figure 7 shows the typical daily energy consumption curves of these hotels during
the holidays from 2018 to 2022. These figures show a downward trend in hotel energy
consumption due to the COVID-19 pandemic. At the same time, these data also reflect
the characteristics of the hotel business in the post-pandemic era. It can be seen from the
figure that under the background of regular epidemic prevention and control, the energy
consumption of hotels during the holidays show a significant upward trend, and some
hotels have reached the level before the epidemic especially in 2022. This trend is because
after a long period of lockdown, people are more willing to go out for recreation during the
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holidays under the premise of ensuring safety. In addition, the strong randomness of hotel
passengers will also affect the distribution of hotel energy consumption significantly.
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3.1.2. Detailed Energy Consumption Distribution of Hotel during COVID-19

Since the outbreak of COVID-19, the occupancy rate of primary hotels in the country
has dropped by more than 80% in the first half of 2020, while many hotels have rates of less
than 4%. The annual occupancy level in China in 2020 is close to 50%, down 25.4% year-on-
year. Regarding average house prices, the entire year of 2020 fell by 15.2% compared with
the same period in 2019, with a gap of 70 yuan in absolute value. In 2021, the epidemic was
under control, and the hotel industry was in the recovery stage influenced by the overall
recovery of the tourism industry. According to statistics, the average total revenue of hotels
in 2021 increased by about 5% compared with 2020, and the average total room revenue
increased by about 10%. However, there is still a gap of about 20% compared with 2019.

During the epidemic outbreak, the hotel generally had two operating conditions:
(1) The hotel was expropriated by the government and directly involved in the fight against
the epidemic. The hotel is basically in full operation. (2) The hotel is basically closed, and
there are several long-stay private rooms occasionally, which usually makes it difficult to
support the daily operation of the hotel. The study explored the characteristics of hotel
energy consumption through the detailed energy consumption distribution of a hotel
during the pandemic in February 2020, as shown in Figure 8. At this time, affected by the
lockdown policy, the fluctuation range of energy consumption of hotels in an abnormal
operation state is very small, basically at a level state.
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Figure 8. Distribution characteristics of hotel energy consumption during epidemic situation.

First of all, guest rooms are the critical department of the hotel. Their energy con-
sumption also basically presents a horizontal curve. The total daily energy consumption
of all guest rooms reaches 484.56 kWh, 46.3% of that in regular operation. This energy
consumption mainly comes from small refrigerators, TVs with standby power consump-
tion, emergency lighting, heated toilet seats, etc. Secondly, almost all restaurants in the
hotel are closed, and the whole day energy consumption is small, about 25.38 kWh, mainly
from emergency lighting and a small amount of refrigeration equipment. In addition, the
energy consumption of the hotel kitchen is relatively high, about 64.2% lower than that
during regular operation, mainly from refrigeration energy consumption, since hotels need
to refrigerate a large amount of food when they are not operating. Therefore, reasonable
ECER measures can be effectively formulated through these energy consumption analyses.

In addition, during the epidemic period, the energy consumption of air conditioning
in hotels is the most complex. Some hotels will keep the central air conditioner on in
order to maintain the specific room demand. In contrast, some hotels will use electric
refrigeration, electric heating and other equipment for alternative energy supply to reduce
energy consumption. It can be seen from Figure 8 that the power consumption of the
air conditioning water pump alone reaches 860.20 kWh. Therefore, its ECER potential is
considerable. Moreover, Figure 8 also shows the energy consumption curve of the hotel’s
domestic water pump and weak machine room. Due to the abnormal operation of the hotel
during the COVID-19 epidemic, the staff arranged by the hotel is relatively few. At this
time, the weak current machine room of the hotel has become a primary energy consumer.

3.2. Hotel Management and Tourism Economic Characteristics

As shown in Figures 9 and 10, in order to further explore the relationship between
hotel management and tourism economy before and after the epidemic, we analyzed the
tourism economic development characteristics and hotel management characteristics of
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the tourist city during 2012–2020 in detail. From the perspective of the changing trend of
tourism income and tourist arrivals, the data from 2012 to 2019 show a growth trend. Its
growth rate declined slightly in 2012–2014, but increased yearly in 2015–2017, and slowed
down in 2018–2019. In 2020, due to the impact of COVID-19, the city’s tourism revenue
and total tourist arrivals decreased significantly by 34.2% and 25.9%, respectively.
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From the perspective of the hotel’s operating characteristics, the hotel room rental rate
showed a downward trend in 2012–2013, while it showed an upward trend year-by-year
in 2013–2015 with a large increase. Since 2015, the rental rate of hotel rooms has declined.
In particular, affected by COVID-19 in 2020, the rental rate of hotel rooms decreased by
32% compared with 2019. At the same time, the average rental price of hotel rooms is also
changing. During 2012–2016, the average rental price of hotel rooms fluctuated within a
small range and remained basically unchanged, which is consistent with the changes in the
tourism economy of the city. From 2017 to 2020, the average rental price of hotel rooms
shows an overall upward trend. Compared with 2019, the average rental price of hotel
rooms will be less affected by COVID-19 in 2020. In addition, according to the change in
Revenue Per Available Room (RevPAR) of the hotel, the average RevPAR from 2012 to 2020
was 235 yuan, of which, the RevPAR showed a slight downward trend from 2012 to 2014,
and increased yearly from 2015 to 2017, with a significant overall increase, but fell back in
2018. In 2020, affected by the rental rate decline, RevPAR of hotels dropped by 30.3%. From
this point of view, hotel management is positively related to tourism economy, which is of
great significance to the energy-saving operation of hotels in the post-epidemic era.

4. Energy-Conversation and Emission-Reduction Measures for Hotels in the
Post-Epidemic Era
4.1. Energy-Conservation Strategies in Hotel Buildings

With the gradual control of the COVID-19 epidemic and the gradual opening of
lockdown policies, hotel energy consumption in the post-epidemic era will continue to
increase with the development of tourism [33]. Therefore, based on the energy consumption
analysis above, it is crucial to analyze and explore the ECER strategies of hotel buildings.
Compared with other types of commercial buildings, hotel buildings have the following
characteristics: (1) the hotel’s various facilities and functions are different, and the business
hours are also different; (2) the annual average occupancy rate is closely associated with
hotel energy consumption (the occupancy rate is higher during holidays and golden weeks);
(3) customer consumption is flexible and random [34]. These characteristics makes the hotel
energy consumption special. Based on this, under the background of regular epidemic
prevention and control, this paper explores the hotel building ECER technology, mainly
including building maintenance structure, lighting system, air conditioning system, and
operation management.

4.1.1. Energy-Saving of Maintenance Structure

The design of the maintenance structure of the hotel building has great energy-saving
potential, in which the energy consumption of doors and windows can reach about 50% of
the total energy consumption of the building. Although it is not practical to replace the
maintenance structure of existing buildings in large areas, improving the thermal design of
buildings in the post-pandemic era can effectively reduce building energy consumption. For
instance, the use of reflective glass and double glass can improve the thermal insulation of
glass and reduce the cooling load caused by external windows. In addition, by improving
the shading facilities, external shading has a more apparent energy-saving effect than
internal shading. For instance, the external sunshade system set in the south and west of
the area where the sunlight lasts for a long time can significantly reduce the air conditioning
load by 16~29%.

4.1.2. Energy-Saving of Lighting System

The lighting system is influenced by equipment power and equipment use time, which
has significant energy-saving potential. For example, energy-saving lighting products and
intelligent lighting control systems can remarkably reduce the energy consumption of
lighting systems without affecting the indoor illumination. Especially in the case of regular
epidemic prevention and control, the hotel occupancy rate will be relatively random and
flexible according to the changes of the epidemic, which will make the intelligent lighting
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system play a huge role in the lighting optimization management of hotel buildings. In
addition, the application of multifunctional automatic control systems in lighting systems
will bring great ECER potential. For example, in the hotel lobby, elevator lobby, guest
room floor corridor and other places, centralized control should be adopted. In contrast,
zoning and grouping control measures should be adopted according to the building use
conditions and natural lighting conditions, such as the automatic dimming device that
regularly reduces the illumination at night.

4.1.3. Energy-Saving of Air Conditioning System

In hotel buildings, the selection of air-conditioning systems is usually based on the
heat and cooling loads under the most adverse conditions. However, in actual use, the
load will change with the season, weather, occupancy rate, etc. Furthermore, most of
the time the actual load is lower than the designed load, resulting in excessive installed
capacity [35]. This problem will become even more acute in the post-pandemic era due to
the COVID-19 pandemic. In view of this phenomenon, it is imperative to adopt intelligent
control technology which can change the state of air conditioning at any time according
to the actual demand. Therefore, the corresponding ECER measures adopted in the air
conditioning are as follows: (1) reasonable configuration of the capacity and number of
cold and heat source equipment; (2) make full use of fresh outdoor air to eliminate indoor
load during the transition season; (3) install a frequency converter for the water pump to
realize variable flow operation and save transportation energy consumption [36]; (4) design
an automatic control system according to the changing rules of personnel to make the
indoor temperature and humidity reach the set value [37], thus saving energy and improve
indoor comfort.

4.1.4. Energy Saving of Operation Management

The volatility of the COVID-19 pandemic has increased the uncertainty of hotel opera-
tions and may bring additional energy losses to hotels. To reduce hotel energy consumption
and improve the operation economy, it is critical to explore the optimal management strat-
egy for hotel operations. On the one hand, the hotel is equipped with an extensive public
building electricity metering system, which is conducive to the statistics of energy con-
sumption. On the other hand, a reasonable water supply and drainage system should
be installed, and advanced water treatment technology should be adopted. For instance,
using reclaimed water reuse technology to improve the utilization efficiency of water re-
sources, thus achieving the purpose of saving water and environmental protection. It is
worth noting that regular cleaning of dust from air-conditioning vents can significantly
reduce system resistance and thus playing an energy-saving role. In addition, during
the post-epidemic period, hotels should continue to improve and innovate their manage-
ment and service systems, so as to achieve energy-saving operation of hotels and enhance
customer satisfaction.

4.2. Low Carbon Economy Operation of Hotel Buildings
4.2.1. Optimized Energy Management Promotes Low-Carbon Operation of Hotel Economy

The impact of the coronavirus pandemic has compounded the complexity of hotels’
energy consumption. Therefore, an efficient energy operation management method is
necessary to achieve the low-carbon economic operation of hotels. On the one hand, by
increasing the use of RES in large hotel buildings, such as adding rooftop photovoltaics
and solar water heating systems, as hot water supplements for hotel boilers, its applica-
tion potential can reach about 10%. On the other hand, the hotel should strengthen the
introduction of an intelligent energy management system. The hotel energy refinement
management system is established by referring to energy consumption data, which can
help users find energy-saving space and formulate scientific energy consumption measures,
thereby providing strong technical support for the sustainable development of the hotel.
By taking the above measures, the average carbon dioxide emission of the hotel can be
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reduced by 33~39%, the average water consumption can be reduced by 40%, and the
average amount of solid waste can be reduced by 70%.

4.2.2. Low-Carbon and Unique Hotel Design Improve Visitor Occupancy

A hotel design with the low-carbon concept is essential for the long-term development
of the construction industry. Unique hotel design also plays a vital role in attracting tourists
in the post-epidemic era. Therefore, the low-carbon design of the hotel can be achieved from
the following three aspects: (1) Select natural materials and energy-saving construction
technology: try to use biological solid dye resources to avoid some harmful substances in
the materials, and strengthen the application of RES such as light, wind and geothermal
energy. (2) Focus on the attribute and utilization range of construction sources: make
a design scheme according to local climate conditions, thus making full use of sunlight
to reduce energy consumption during electric energy lighting. (3) Promote the unity of
environment and buildings: reduce the environmental pollution of buildings and realize
the harmony between residents and nature through using energy-saving materials, rational
application of building space and other ways.

4.2.3. Green and High-Quality Hotel Service Guarantees User Satisfaction

According to the sustainable tourism development data, Chinese tourists are more
willing to try environmentally friendly accommodation and travel methods to contribute
to sustainable tourism development. Table 2 shows the primary reasons that Chinese
tourists choose environmentally friendly accommodation and the most popular environ-
mentally friendly accommodation facilities. It can be revealed from the table that achieving
the deep integration of the hotel and the local environment and reducing environmental
disruption have an important impact on hotel accommodation satisfaction. Moreover,
the utilization of solar energy in hotels plays a decisive role in the choice of passenger
accommodation. Therefore, accelerating the green, environmentally friendly, high-quality
and intelligent hotel service system can effectively improve the hotel injection rate and
passenger satisfaction in the post-epidemic era. Moreover, research shows that the employ-
ees’ productivity is increased by 2~16% on average by creating a healthy and comfortable
working environment.

Table 2. Distribution characteristics of reasons for choosing environmentally friendly accommodation.

Reasons for Choosing Environmentally friendly
Accommodation

Popular Green and Environmentally friendly
Accommodation Facilities

Reduce damage to local environment 64% Solar energy 70%
More localized accommodation experience 49% Recyclable water system 56%
Environmentally friendly accommodation

is more conducive to local development 44% Water saving bathroom 43%

More opportunities to taste local specialties
and green organic food 31% Original organic restaurant or food 48%

Experience new accommodation trends 36% Indoor goods recycling column 29%

5. Conclusions

With the deepening of green-life concepts, human beings have put forward higher
requirements for the sustainable development of society, and the requirements of ECER
in all fields of society are more urgent. Therefore, in the context of carbon neutrality, this
study discusses in detail the energy-saving operation strategy of hotels considering the
impact of COVID-19, which has guiding significance for the operation management of
hotel buildings and the development planning of the tourism industry in the post-epidemic
period. To reduce economic risk and promote green operations, the study found that,
with the constant promotion of regular epidemic prevention and control, energy-saving
measures taken by hotels in low-carbon design and resource optimization management
can significantly reduce energy consumption by about 16~29% and reduce average carbon
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emissions by approximately 33~39%. In addition, reasonable low-carbon consumption
modes and intelligent hotel service systems can improve the operating efficiency of the
hotel by about 2~16%. The post-epidemic era will make the hotel business continue to
grow and become a golden period for implementing ECER strategies in hotel buildings.

In the future, the ECER potential of hotel buildings should be further explored. On the
one hand, a refined model of hotel energy consumption should be established, and an ad-
vanced hotel energy consumption optimization management system should be developed.
On the other hand, the hotel, as a typical large power consumer, explores its participation in
power grid demand response, which is of great significance to the reliability and security of
power supply stored in the power grid, and also promotes the economy of hotel operation.
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Nomenclature

RES Renewable Energy Sources
ECER Energy Conservation and Emission Reduction
HVAC Heating, Ventilation and Air Conditioning
EUI Energy Utilization Intensity
B&B Bed and Breakfast
RevPAR Revenue Per Available Room
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23. Zhang, S.; Ocłoń, P.; Klemeš, J.J.; Michorczyk, P.; Pielichowska, K.; Pielichowski, K. Renewable energy systems for building
heating, cooling and electricity production with thermal energy storage. Renew. Sustain. Energy Rev. 2022, 165, 112560. [CrossRef]

24. Zhang, D.; Ding, Y.; Wang, Y.; Fan, L. Towards ultra-low energy consumption buildings: Implementation path strategy based on
practical effects in China. Energy Sustain. Dev. 2022, 70, 537–548. [CrossRef]

25. Zhang, Y.; Teoh, B.K.; Zhang, L.; Chen, J.; Wu, M. Data-driven estimation of building energy consumption and GHG emissions
using explainable artificial intelligence. Energy 2022, 262, 125468. [CrossRef]

26. Guo, Y.-Y. Revisiting the building energy consumption in China: Insights from a large-scale national survey. Energy Sustain. Dev.
2022, 68, 76–93. [CrossRef]

27. Rana, A.; Kamali, M.; Riyadh, M.M.; Sultana, S.R.; Kamal, M.R.; Alam, M.S.; Hewage, K.; Sadiq, R. Energy efficiency in residential
buildings amid COVID-19: A holistic comparative analysis between old and new normal occupancies. Energy Build. 2022,
277, 112551. [CrossRef]

28. National Tourism Administration on 2021 National Star-Rated Hotels Statistical Bulletin. 2021. Available online: https://mct.gov.
cn (accessed on 21 October 2022).

29. Shao, M.; Wang, X.; Bu, Z.; Chen, X.; Wang, Y. Prediction of energy consumption in hotel buildings via support vector machines.
Sustain. Cities Soc. 2020, 57, 102128. [CrossRef]

30. Xin, Y.; Lu, S.; Zhu, N.; Wu, W. Energy consumption quota of four and five star luxury hotel buildings in Hainan province, China.
Energy Build. 2012, 45, 250–256. [CrossRef]

31. Wang, J.C.; Huang, K.-T. Energy consumption characteristics of hotel's marketing preference for guests from regions perspective.
Energy 2013, 52, 173–184. [CrossRef]

32. Sheng, Y.; Miao, Z.; Zhang, J.; Lin, X.; Ma, H. Energy consumption model and energy benchmarks of five-star hotels in China.
Energy Build. 2018, 165, 286–292. [CrossRef]

33. Tong, P.; Zhao, C.; Wang, H. Research on the Survival and Sustainable Development of Small and Medium-Sized Enterprises in
China under the Background of Low-Carbon Economy. Sustainability 2019, 11, 1221. [CrossRef]

34. Xu, P.; Chan, E.H.W.; Qian, Q.K. Success factors of energy performance contracting (EPC) for sustainable building energy
efficiency retrofit (BEER) of hotel buildings in China. Energy Policy 2011, 39, 7389–7398. [CrossRef]

35. Wang, Y.; Wang, Z.; Li, X.; Li, H.; Yang, Y.; Xiong, J. Analysis on occupant behavior of split air conditioner in hotel buildings in the
Yangze River Region. Energy Build. 2022, 265, 112042. [CrossRef]

36. Qin, X.; Wang, D.; Jin, Z.; Wang, J.; Zhang, G.; Li, H. A comprehensive investigation on the effect of internal heat exchanger based
on a novel evaluation method in the transcritical CO2 heat pump system. Renew. Energy 2021, 178, 574–586. [CrossRef]

37. Qin, X.; Zhang, Y.; Wang, D.; Chen, J. System development and simulation investigation on a novel compression/ejection
transcritical CO2 heat pump system for simultaneous cooling and heating. Energy Convers. Manag. 2022, 259, 115579. [CrossRef]

http://doi.org/10.1016/j.renene.2020.10.088
http://doi.org/10.1016/j.solener.2022.04.057
http://doi.org/10.1016/j.scs.2020.102555
http://doi.org/10.1016/j.enconman.2014.01.002
http://doi.org/10.1016/j.jobe.2021.102272
http://doi.org/10.1016/j.scs.2021.103133
http://doi.org/10.1016/j.tourman.2022.104618
http://doi.org/10.1016/j.ijhm.2022.103212
http://doi.org/10.1016/j.tourman.2021.104322
http://doi.org/10.1016/j.heliyon.2022.e09134
http://doi.org/10.1016/j.ijhm.2022.103357
http://www.ncbi.nlm.nih.gov/pubmed/36246515
http://doi.org/10.1016/j.engappai.2022.105287
http://doi.org/10.1016/j.rser.2022.112560
http://doi.org/10.1016/j.esd.2022.08.025
http://doi.org/10.1016/j.energy.2022.125468
http://doi.org/10.1016/j.esd.2022.03.005
http://doi.org/10.1016/j.enbuild.2022.112551
https://mct.gov.cn
https://mct.gov.cn
http://doi.org/10.1016/j.scs.2020.102128
http://doi.org/10.1016/j.enbuild.2011.11.014
http://doi.org/10.1016/j.energy.2013.01.044
http://doi.org/10.1016/j.enbuild.2018.01.031
http://doi.org/10.3390/su11051221
http://doi.org/10.1016/j.enpol.2011.09.001
http://doi.org/10.1016/j.enbuild.2022.112042
http://doi.org/10.1016/j.renene.2021.06.082
http://doi.org/10.1016/j.enconman.2022.115579

	Introduction 
	Energy Consumption Characteristics of Hotel Buildings 
	Energy Consumption Distribution of Large Public Buildings 
	The Quantity Distribution and Operation Characteristics of the Hotel 
	The Overall Energy Consumption Level of Hotel Buildings 

	Case Study of Hotel Energy-Saving Operation Considering the Impact of COVID-19 
	Detailed Energy Consumption Analysis of the Hotel 
	Evolution Characteristics of Hotel Energy Consumption during COVID-19 
	Detailed Energy Consumption Distribution of Hotel during COVID-19 

	Hotel Management and Tourism Economic Characteristics 

	Energy-Conversation and Emission-Reduction Measures for Hotels in the Post-Epidemic Era 
	Energy-Conservation Strategies in Hotel Buildings 
	Energy-Saving of Maintenance Structure 
	Energy-Saving of Lighting System 
	Energy-Saving of Air Conditioning System 
	Energy Saving of Operation Management 

	Low Carbon Economy Operation of Hotel Buildings 
	Optimized Energy Management Promotes Low-Carbon Operation of Hotel Economy 
	Low-Carbon and Unique Hotel Design Improve Visitor Occupancy 
	Green and High-Quality Hotel Service Guarantees User Satisfaction 


	Conclusions 
	References

