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Abstract:



The hotel industry in China has experienced rapid growth in the past ten years and made a considerable contribution to the global tourism economy. This paper focuses on the energy performance of hotel buildings in Lijiang, China. Hotel characteristics, daily operational data, and energy use data were collected by carrying out a survey of 24 hotels. The average annual energy use intensity (EUI) of four-, three-, two-, and one-star rated hotels was 180.8 kWh/m2, 113.3 kWh/m2, 74.2 kWh/m2, and 70.2 kWh/m2, respectively. Electricity, as the dominant energy source, accounted for 81% of total energy consumption and was used in the operation of air conditioning, lighting, heating, etc. Pearson correlations between EUI showed that hotel star rating, number of guest rooms, room revenue, and number of workers gave a reasonably strong correlation. A regression-based benchmarking model was established to predict EUI, and a standardization process of EUI was illustrated by statistical analysis.
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1. Introduction


In recent years, tourism has become one of the fastest growing economic industries in the world. Tourism in China has made a considerable contribution to the global tourism economy, and China has shown, by far, the fastest growth with regard to expenditures on international tourism [1]. China was the world’s third most visited tourist destination in 2010, and the total inbound visitor arrivals reached 134 million, with a foreign exchange income of U.S. $45.8 billion [2]. The accommodation sector plays an indispensable role in the tourism industry and has a significant global environmental impact [3]. The hotel industry in China has experienced rapid growth in the past ten years, and this trend is expected to continue in the future. For instance, the number of star-rating hotels in China increased from 7358 in 2001 to 11,779 in 2010, and the total revenue raised by 330% from USD $7.3 billion to USD $31.4 billion [2]. Hotels rank among the top five energy consumers in the building sector, largely due to their unique features, such as 24-h operation of daily operations and recreational activities [3,4,5]. Due to the use of energy-intensive technology to provide modern conveniences and comforts, massive amounts of energy are consumed by the variety of facilities provided, such as swimming pools, central cooling systems, heating systems, etc. [5]. Studies are increasingly paying attention to the levels of energy consumed for the purposes of hotel operation.



Energy use intensity (EUI) is an important unit of measurement, which represents a building’s energy performance and can be defined as the annual energy use divided by the gross floor area of a building [5,6]. Santamouris et al. analyzed 158 hotels in Greece, finding their annual average energy use intensity to be 273 kWh/m2, and estimated the potential energy savings of introducing new energy-efficient systems and techniques [7]. Deng and Burnett calculated an average energy use intensity of 564 kWh/m2 based on a study of 16 high-quality hotels in Hong Kong and showed that electricity dominated total energy consumption, with one-third of total energy consumption used for air conditioning [5]. Becken et al. analyzed differences in energy consumption between different types of accommodation in New Zealand and found that hotels had an average energy use intensity of 159 kWh/m2 [8]. Rajagopalan et al. [9] and Wu et al. [10] collected data from a national survey of 29 high-quality hotels in Singapore and found their annual average energy use intensity to be 427 kWh/m2. Taylor et al. [11] selected two hotels with the aim of representing the most common U.K. hotel types. They found that it is technically feasible to reduce emissions by 50% without compromising guest comfort. Wang [3] undertook a broad analysis of the energy performance of 200 hotels in Taiwan and found an energy use intensity of between 143.6 and 280.1 kWh/m2, with electricity accounting for 84% of total energy use. Oluseyi et al. built the correlation analysis to investigate the interdependence of carbon footprint and normalized energy consumption and obtained an average energy use intensity of 265.95 kWh/m2 in Nigeria [12]. Lai aimed at examining the relation between energy use and the maintenance costs of hotels and found that electricity accounted for most of the energy used by the hotels in Hong Kong [13].



Given that EUI might be influenced by many factors, hotel energy performance varies significantly depending on differing locations. Different climate conditions can affect the energy use in a hotel building [3,5,8,9,10,12,14,15,16]. Electricity, gas, and diesel oil are the main energy sources used in hotels for daily operations and recreational activities [3,5,9,12,13,14,15,16,17,18]. The significant factors affecting energy consumption are diverse, depending on the physical and operational parameters, such as hotel size, gross floor area, construction year, type of energy, occupancy rate and hotel star-rating. Benchmarking energy consumption can give a better understanding of hotel energy performance, which allows hotel managers to see where they stand within the wider hotel industry and enables them to put in place potential energy efficiency strategies [9]. At present, energy performance studies that refer to energy monitoring are few in China, especially in relatively undeveloped economic regions. The collection of energy data is difficult, and relevant research is still in the early stages. This paper aims to analyze hotel energy consumption in Lijiang based on a regression-based model. This analysis will bring a greater focus on energy efficiency in hotel management.




2. Methods and Materials


2.1. Methods


A survey was designed and distributed to hotel managers and tourist administrators in order to give an in-depth view of the energy performance in Lijiang. First, considering the availability and reliability, a questionnaire and structured interview were adopted in our study. Data concerning hotel energy consumption, such as electricity consumption, diesel quantity, and gas consumption, were collected by the questionnaire from the Tourism Bureau and Tourism Association. The structured interview was adopted to develop a deeper understanding of hotel operations. To obtain the raw data, hotel managers were initially contacted by telephone and were asked about the fundamental data of their hotel, such as floor area (gross floor area, GFA), building age, number of guest rooms, and so on. After that, a structured interview was conducted on-site to investigate the energy use and operating-related information, such as occupancy rate, revenue, number of guests, and so on. Second, regression methods were applied to distinguish the determinants of energy use intensities in hotels. Regression analysis was then performed using SPSS (Armonk, NY, USA) statistical software, with the stepwise regression selection procedure used to determine the best fitting regression model. Third, the standardized EUI was built by means of establishing the adaptive standardized model to exclude abnormal effects.



The typical regression model referred to [19,20,21] is shown as Equation (1):
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(1)




where c0 is the intercept; ci is the standardized regression coefficient; xi (i = 1, 2, ..., k) are the values of the factors that affect EUI, such as gross floor area, building age, occupancy rate, and so on; [image: there is no content] is the random error.



The standardized model referred to [19,20] is shown as Equation (2):


[image: there is no content]



(2)




where EUIstd is the standardized EUI; EUIobser is the observed EUI; ci is the standardized regression coefficient; xi (i = 1, 2, ..., k) are the observed values of factors that affect EUI, such as gross floor area, building age, occupancy rate, and so on.



The survey data were processed and analyzed with IBM SPSS Statistics 19.0 (Armonk, NY, USA) [22].




2.2. Research Area


Lijiang is located between east longitude 99°23′ to 101°01′ and north latitude 25°59′ to 27°56′, in the southwest of China (Figure 1), with an area of 20,600 km2 and a population of 1.24 million [23]. Lijiang has a plateau monsoon climate type, and its four seasons tend to be indistinct; however, there are clear wet and dry seasons, with an average annual temperature between 12.6 °C and 19.9 °C. Lijiang is a very popular tourist destination in China, with hotels constituting a high proportion of the commercial buildings. Tourism is a boom industry in Lijiang, with about 11.84 million tourists in 2011 and tourism receipts reaching U.S. $2.36 billion. Until 2012, there were 180 star-rated hotels in Lijiang, including two five-star hotels, 14 four-star hotels, 45 three-star hotels, 82 two-star hotels, and 37 one-star hotels [24]. A survey was conducted in Lijiang among the 40 registered hotels. In order to establish an efficient stepwise regression prediction model, the data of a surveyed hotel were fully acquired before being considered as a valid sample. Finally, 24 effective questionnaires were acquired, including five one-star hotels, six two-star hotels, four three-star hotels, and nine four-star hotels.


Figure 1. The geographic location of Lijiang.
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3. Results


3.1. Basic Statistical Data


As shown in Table 1, the sampled hotels differed greatly in the number of rooms available. The number of rooms within a hotel varied remarkably, ranging from a one-star hotel with 11 guest rooms to a four-star hotel with 262 rooms. The total sample number of hotel rooms was 2278, 64% of which were at four-star hotels. The total number of rooms at three-star hotels was 292, and that at two-star hotels was 431, which accounted for only 13% and 19%, respectively, of the total sample number. The ages of sampled hotels were also not equal, with the oldest building having been built in 1994 and the newest completed in 2011.



Table 1. Detailed information of 24 sampled hotels.







	
Hotel No.

	
No. of Rooms

	
Stars

	
Construction Year

	
Retrofit Year

	
Occupancy Rate

	
GFA (m2)

	
No. of Floors

	
Area of Guest Room (m2)

	
No. of Workers






	
1

	
11

	
1

	
2011

	

	
40

	
350

	
2

	
210

	
3




	
2

	
15

	
1

	
2006

	
2010

	
50

	
700

	
3

	
400

	
3




	
3

	
18

	
1

	
2006

	
2012

	
70

	
600

	
2

	
300

	
4




	
4

	
27

	
1

	
2008

	
2010

	
60

	
673

	
2

	
500

	
5




	
5

	
19

	
1

	
2004

	
2011

	
55

	
530

	
4

	
320

	
5




	
6

	
78

	
2

	
1996

	
2008

	
59

	
10,105

	
7

	
1095

	
22




	
7

	
109

	
2

	
2000

	
2012

	
41

	
5469

	
3

	
3200

	
42




	
8

	
96

	
2

	
1997

	
2011

	
51

	
2000

	
4

	
1800

	
21




	
9

	
81

	
2

	
1998

	
2009

	
54

	
2000

	
6

	
2000

	
50




	
10

	
53

	
2

	
2003

	
2012

	
68

	
2270

	
6

	
950

	
23




	
11

	
14

	
2

	
2007

	
2009

	
55

	
600

	
2

	
540

	
14




	
12

	
78

	
3

	
2002

	
2011

	
44

	
2480

	
3

	
1450

	
31




	
13

	
58

	
3

	
1998

	
2006

	
76

	
1600

	
6

	
1160

	
21




	
14

	
46

	
3

	
2010

	

	
55

	
1400

	
4

	
1150

	
12




	
15

	
110

	
3

	
1994

	
2009

	
58

	
4896

	
5

	
3300

	
105




	
16

	
256

	
4

	
2003

	
2010

	
63

	
7900

	
9

	
6750

	
160




	
17

	
96

	
4

	
2009

	

	
57

	
8959

	
5

	
6301

	
98




	
18

	
128

	
4

	
2004

	
2012

	
61

	
8000

	
6

	
3200

	
76




	
19

	
121

	
4

	
2001

	
2006

	
51

	
8375

	
2

	
7073

	
86




	
20

	
88

	
4

	
2007

	
2011

	
60

	
5869

	
3

	
1960

	
63




	
21

	
126

	
4

	
1998

	
2007

	
76

	
10,858

	
8

	
6300

	
70




	
22

	
176

	
4

	
2004

	
2011

	
60

	
20,000

	
6

	
15,000

	
150




	
23

	
262

	
4

	
1999

	
2011

	
53

	
25,313

	
8

	
10,993

	
240




	
24

	
212

	
4

	
1998

	
2011

	
67

	
18,960

	
4

	
5937

	
172










There were significant differences in the gross floor area (GFA) of the sampled hotels, which ranged from 350 m2 to 25,313 m2, with an average of 6238 m2. Guest room area comprised on average 57% of the hotel’s total GFA. For four-star hotels, guest rooms comprised 56% of GFA on average, which was the lowest among the four types of hotels, mainly because the hotels being relatively luxurious, and greater space and facilities were dedicated to leisure and entertainment, particularly for high-end consumers that have extensive leisure expectations. Guest room area varied from 16 m2 to 85 m2, with an average area of 32 m2. One-star hotels had the smallest average guest room area due to their characteristic economic limitations, whereas the average guestroom area of four-star hotels was 44 m2. Eighty percent of sampled hotels (including all four-star hotels) provided catering facilities to promote the value of hotel services and increase hotel revenue. Retail shops were commonly found on the ground floor of hotels to increase total income. Eighty percent of the retail shop area of the total hotel sample was found at four-star hotels. Conference rooms were common among the hotels sampled. The surveyed hotels showed a great discrepancy in the laundry: all five one-star hotels used their own laundry, whereas only two of the nine four-star hotels sampled had their own laundry service, which was largely due to the fact that high-quality hotels often relied on private firms to provide this service off-site.




3.2. Air-Conditioning and Hot Water Supply


Heating, ventilation, and air conditioning (HVAC) systems are usually regarded as the largest electricity consumers in hotels [16]. It is worth noting that space heating, hot water production, and cooling account for three-quarters of the total energy use, where energy efficiency can be increased dramatically and where renewable energies can also be easily harnessed by use of simple technologies [25]. Taking the mild climate into account, most regions of Lijiang exhibit a winter season from late November to early February, with spring beginning early and remaining dry and sunny until late May. There is less demand for summer cooling in Lijiang when compared to other countries with tropical climate regions [9]. Apart from two of the one-star hotels, the rest of the 22 hotels sampled were air-conditioned, among which 11 hotels have central air conditioning systems. Solar energy technologies, in particular, will provide great longer term benefits in Lijiang, and being inexhaustible and clean, solar energy can reduce environmental pollution and lower the costs of mitigating climate change [26]. The total annual sunshine hours in Lijiang range between 2321 and 2554 h. With no shortage of sunlight in Lijiang, there has been a trend away from traditional fossil fuel energy and electricity towards solar power for the supply of hot water. Unlike in other studies [9,10], approximately 80% of hotels sampled in our study chose solar energy as the main energy source in producing hot water. Hence, unlike in the majority of studies (which find water heating to be a significant energy consumer), heating in Lijiang’s hotel industry is where the greatest energy efficiency occurred, thus playing a positive role in promoting the future development of a clean energy economy.




3.3. Catering Supply


It is difficult to collect specific energy consumption data of dining services in hotels [27] and that of separate catering facilities and, hence, accurate energy audits of catering rarely appear in the wider literature [28]. Most surveyed hotels provided their revenue information regarding their food and beverages and seldom provided information on the number of foods covered; hence, it is problematic to estimate the energy performance of catering services. Eighty-three percent of sampled hotels offered food and beverages for hotel occupants, and the area of dining facilities ranged from 50 m2 to 2658 m2, with an average of 530 m2. To generalize, hotels provide catering services in one of two ways: either complimentary breakfasts are offered only to guests, or food or beverages are offered not only to satisfy the needs of hotel guests, but also to meet wider public needs. The latter made a significant contribution to total revenue, especially during the Chinese New Year period or peak season, when food and beverage income and occupancy rates are often higher than those during the off-season.



From the hotel managers’ perspective, they were more interested in how much energy is consumed in the whole year. Figure 2 illustrates the profile of monthly mean outdoor temperature and total energy consumption of a whole year. It was found that the energy consumption was high in July, August, January, and February, while the outdoor temperature was high from June to September. Energy consumption was usually high in the peak seasons, especially Chinese New Year and summer holidays.


Figure 2. Monthly total energy consumption of sampled hotels and mean outdoor temperature.
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4. Discussion


4.1. The Results of EUI


As shown in Table 2, EUI findings of the study can be categorized according to star rating. The highest EUI was found in four-star hotels, with an average EUI of 180.8 kWh/m2; the second highest was found in three-star hotels, with an average EUI of 113.3 kWh/m2; the third highest in two-star hotels, with an average EUI of 74.2 kWh/m2; and the lowest was found in one-star hotels, with an average EUI of 70.2 kWh/m2.



Table 2. Energy consumption of sampled hotels. EUI, and energy use intensity.







	
Sampled Hotels

	
Annual Energy per Square Meter EUI (kWh/m2)




	
Maximum

	
Minimum

	
Average

	
Median

	
Standard Deviation






	
four-star hotels

	
248.1

	
97.6

	
180.8

	
197.2

	
59.0




	
three-star hotels

	
146.4

	
80.0

	
113.3

	
113.4

	
27.5




	
two-star hotels

	
102.3

	
38.7

	
74.2

	
73.0

	
22.7




	
one-star hotels

	
90.2

	
44.6

	
70.2

	
77.3

	
22.1










Basic facilities and space requirement were the main causes of the difference among one- to four-star hotels. Among the hotels with central air conditioning systems, the proportion of four-star hotels was 63.6%; with a fitness center, the proportion was 85.7%; with conference rooms, the proportion was 60.0%. The highest GFA were found in four-star hotels, with an average of 12,693 m2; and the averages of three-, two-, one-star hotels were 2594 m2, 3707 m2, and 571 m2, respectively.



Most hotels provide services to meet guests’ needs and expectations on quality; for instance, the temperatures in hotel lobbies and public areas are usually controlled to below 26 °C in summer to ensure guests are comfortable. In summer, the set-point temperatures of public areas in 24 hotels were kept at the minimum of 18 °C and the maximum of 26 °C. Among them, 16 of the surveyed hotels (68%) were set around 23–25 °C. Under mild weather conditions, particularly during the spring, air-conditioning is rarely used in Lijiang, with guest room temperatures being more commonly regulated by means of the outdoor breeze. Furthermore, enough solar energy was captured and stored in Lijiang to enable use in meeting heating needs for the daily consumption of hotels. We made a comparison on the energy consumption between four-star hotels with (88.9%) and without solar energy heating systems (11.1%). It was found that the former (175.1 kWh/m2) was obviously lower than the latter (225.9 kWh/m2). This practice can reduce electricity usage sharply; moreover, it would be possible to further develop clean energy projects in order to achieve low-carbon tourism. However, the energy consumption shown in Table 2 is indicative only of EUI in Lijiang, and the building energy consumption levels of other provinces may differ significantly.



It is often supposed that luxurious hotels will consume greater amounts of energy and require more stringent energy efficiency policies. In order to examine the results, a one-way ANOVA was conducted to verify our hypothesis. With a 95% level of confidence, it can be observed that four-star hotels are remarkably different from other types of hotels, using a far greater amount of energy per unit area than lower star hotels.




4.2. Pearson Correlations between Variables and Energy Use Intensity


Energy needs in surveyed hotels in Lijiang were met by means of electricity, diesel, and gas; however, hotels depended on electricity as the dominant energy source. Electricity was often the most significant energy source in operating air conditioning, lighting, laundry services, and water-heating, while diesel and gas were often the main energy sources for cooking in kitchens. On average, 81% of total energy consumed in Lijiang’s sampled hotels came from electricity. Gas consumption was negligible, which might be due to transportation difficulties. Electricity was the dominating energy in the seven surveyed hotels (29%). Fifty percent of sampled hotels used both electricity and diesel to maintain normal hotel operations (Figure 3), while the percentage of the usage of electricity and diesel were 73% and 27%, respectively. For other hotels that also consume gas for heating, the percentage of electricity and diesel dropped to 67% and 25%, respectively (Figure 4).


Figure 3. The proportions of hotels with different energy structures.
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Figure 4. The proportions of energy use in different energy structures.



[image: Sustainability 08 00780 g004 1024]






As shown in Table 3, Pearson correlation analyses were conducted between 17 surveyed variables (including occupancy rate, gross floor area (GFA), total revenue, number of workers, and others), and energy consumption.



Table 3. Pearson correlations between variables and energy use intensity (EUI).







	
Variable

	
Description

	
Pearson Correlation






	
GFA

	
Gross floor area

	
0.439 *




	
ROOM

	
Number of guest rooms

	
0.598 **




	
RATING

	
Hotel star-rating

	
0.758 **




	
CONYEAR

	
Building construction year

	
−0.206




	
RETROFIT

	
Number of years after the last major retrofit

	
0.265




	
OCPRATE

	
Yearly occupancy rate

	
0.423 *




	
GFACATER

	
GFA of catering service

	
0.158




	
GFARETAIL

	
GFA of retail shop

	
0.233




	
STORY

	
Number of stories

	
0.275




	
TOTALRVE

	
Total revenue

	
0.139




	
ROOMRVE

	
Room revenue

	
0.567 **




	
F&BRVE

	
Food and beverage revenue

	
−0.001




	
RETAILRVE

	
Retail revenue

	
0.248




	
GFARM

	
GFA of guest rooms

	
0.361 *




	
WORKER

	
Number of workers

	
0.528 **




	
CHNGUEST

	
Number of Chinese guests

	
0.095




	
FENGUEST

	
Number of foreign guests

	
−0.062








* Correlation is significant at the 0.05 level (two-tailed); ** Correlation is significant at the 0.01 level (two-tailed).








It is shown that there is a significantly strong correlation between the EUI and four driving variables, namely the number of guest rooms, hotel star-rating, room revenue, and number of workers. The results indicate that higher star-rated hotels generally offer better services and facilities, which means that more guest rooms are provided, more workers employed, and more energy consumed. The correlation between EUI and room revenue leads to the conclusion that higher hotel income also indicates a higher energy consumption. It can be seen from Table 3 that GFA, occupancy rate, and GFA of guest rooms present less significant relevance. GFA was found to show significant correlation to energy consumption in Lijiang, as was reported in Singapore’s hotel industry by Wu et al. [10].



As shown in Figure 5, the number of workers observed in surveyed hotels shows significant correlation with EUI. The data of worker numbers obtained refer to the sum of workers serving hotels, containing the staff, part-time workers and estimated outsourced workers. Variables were analyzed by the use of scatter plots to test exponential relationships between them. As the number of employees increased, hotels were found to put greater personnel costs and energy into management and operational processes. This is especially true for four-star hotels, in which the goal of the more professional staff is to provide luxurious service and the optimal experiences to guests. It has been reported previously that worker density (the number of workers on the main shift) is an indicator of the level of business activities in a hotel [3,9]. However, we did not take this into account in this study due to a lack of conclusive data of workers on the main shift from surveyed hotels and instead relied on the number of workers, which is more easily surveyed directly and accurately.


Figure 5. Energy use intensity vs. the number of workers.
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In addition, occupancy rate is commonly used to explain the number of overnight stays in hotel accommodation objectively and is considered indicative for evaluating the performance of hotels. The annual average occupancy rate in the sampled hotels was 58%, which varied from 40% to 76%. Wang [3] found there to be a highly significant relationship between occupancy rate and EUI in Taiwan’s hotel industry, with a correlation factor of 0.712. Compared to that reported in Taiwan’s hotels, the correlation factor between occupancy rate and EUI shows lower significance in our study. Deng and Burnett reported that in high-quality hotels, air-conditioning operated 24 h a day to maintain a comfortable temperature and humidity, even when guest rooms were not occupied [5]. This could possibly explain why the energy performance of hotels was not found to be greatly affected by the yearly occupancy rate.




4.3. Multiple Regression for the Predictive Model


As one of the basic tools of scientific investigation, multiple regression analysis is a linear technique to study the relationship between a response variable and a set of predictor variables [29]. The regression model is obtained through comprehensive analysis of building characteristics, economic level, climate conditions, and other factors. Energy consumption is usually used to correlate with climatic variables in regression models in order to obtain an energy signature [30]. Sharp established a linear regression model that found six major determinants in the predictive model for building energy consumption in commercial buildings [31]. Several of the possible factors from Sharp’s study [31] are included in the 17 variables surveyed in the Lijiang study (as shown in Table 3) to determine the predictive model of EUI. Two variables were chosen to explain the model, and unrelated variables were excluded. Hotel star rating and yearly occupancy rate can be set as independent variables; moreover, hotel star rating was set as a dummy variable, taking a value of one for four-star hotels and zero for lower class hotels (one-, two-, and three-star hotels).



The prediction model can be written as follows:
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(3)




where X1 is the hotel star rating (dummy variable) and X2 is the yearly occupancy rate.



As shown in Table 4, hotel star rating and yearly occupancy rate are the significant predictor variables to the model, and their joint probability is 92%, indicating a strong correlation between EUI and the two influencing variables. In multivariate regression analysis, hotel star rating and yearly occupancy rate accounted for 85.8% and 6.2% of the total variance, respectively. Yearly occupancy rate explains 6.2% of the variability in EUI, where the F change is 6.228 and p = 0.037, <0.05. As the hotel star rating and occupancy rate increase, the EUI also increases, which is indicated by the positive regression coefficient.



Table 4. Multiple regression analysis of EUI.







	
Model

	
Coefficient of Determination (R2)

	
R2 Change (ΔR)

	
F Change

	
p






	
Hotel star-rating

	
0.858

	
0.858

	
54.475

	
0.000




	
Yearly occupancy rate

	
0.920

	
0.062

	
6.228

	
0.037











4.4. Standardization of EUI


The energy consumption performance could be evaluated after the energy consumption quota was standardized. Chung et al. described a benchmarking method for the relationship between EUI and the explanatory factors in terms of multiple regression analysis. This method takes into account all significant factors to represent a normalized distribution of EUI [19]. To eliminate the abnormal effects of EUI, standardization of EUI is necessary using a multivariate linear-regression approach to correlate significant indicators that affect energy performance. Table 5 shows the statistical results of the explanatory variables, using the standardized model as established by Chung et al. [19].



Table 5. Statistical results of the explanatory variables.







	
Statistics

	
Mean

	
Standard Deviation

	
Unstandardized Coefficients

	
Standardized Coefficients

	
Significance

	
t




	
B

	
Standard Error

	
Beta






	
Hotel star-rating

	
0.375

	
0.495

	
130.492

	
15.955

	
0.852

	
0.000

	
8.179




	
Yearly occupancy rate

	
57.672

	
9.483

	
2.380

	
0.954

	
0.260

	
0.037

	
2.496










The standardized model is shown as:
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(4)




where EUIstd is the standardized EUI; EUIobser is the observed EUI; x1 is the hotel star rating (dummy variable); and x2 is the yearly occupancy rate.



To a certain extent, the standardized model of EUI in Lijiang is limited by small sample sizes, but this study is, nevertheless, a hotel management policy indicator for the development of energy efficiency in the hotels of Lijiang. As the first-hand data were accurate and reliable, as well as the investigation covered most types of hotels, the results may prove to be representative for hotel energy performance evaluation in order to monitor energy performance and to improve standard scientific evaluation procedures for further evaluation of the hotel industry in China.





5. Conclusions


Energy performance was measured in this study by carrying out a survey of 24 hotels in Lijiang, China. Data were collected on variables, such as the operational and functional characteristics of the hotels. Electricity was the predominant energy consumption, accounting for 81% of the total annual energy consumption, which is similar to the result obtained in Taiwan (84%). The surveyed hotels could be divided into four star-rating classifications, and the EUI of the one-, two-, three-, and four-star hotels was 70.2, 74.2, 113.3, and 180.8 kWh/m2, respectively. Further analysis of the EUI values indicates that the EUI in Lijiang, by contrast, was lower than that reported in Taiwan [3], Singapore [9], and Hong Kong [5]; and that Lijiang hotels were less energy demanding than hotels in Canada [6] and the U.K. [11]. The EUI coincides approximately with the climate condition [3,8]. Mild weather and abundant sunshine might be part of the reason for the relatively low energy consumption in Lijiang. The climate in Lijiang is pleasant so that the hotels need both shorter summer cooling and winter heating. It is noted that solar energy was the main energy source in producing hot water in our findings. By taking into account the variables affecting energy performance, it was found that the number of guest rooms, hotel star rating, room revenue, and number of workers are the major determinants of hotel energy performance. Linear regression analysis was chosen as a predictive model of energy use intensity. Based on statistical analyses, two significant indicators represented a standardized distribution of EUI: hotel star rating and yearly occupancy rate. Hotels should be classified based on their individual characteristics and should develop energy efficiency policies according to the analyzed factors contributing most to their local energy consumption. The findings of this study could be regarded as a useful reference for hotel managers and those involved in tourist administration, and beneficial lessons can be extended to other districts, particularly tourist destinations within Southwestern China.



The simple meaning of energy efficiency is using less energy to perform the same tasks and functions. For hotels, this could mean savings in energy, costs, and emissions of greenhouse gases, such as CO2 [32]. Efficiency measures should take into account air-conditioning parameters, such as natural ventilation in selecting appropriate cooling and heating sources. Furthermore, it would be helpful to reduce energy consumption by moderately increasing guest room temperature, when rooms are not occupied. Monitoring of outdoor weather conditions and indoor temperature could be an effective method of controlling air conditioning units and saving electricity. On the basis of the Indoor Temperature Control Management Approach in Public Buildings in China [33], the indoor temperature of hotels in Lijiang should not be set lower than 26 °C in summer. Intelligent lighting control systems should be established to manage illumination in different environments and different periods [34]. Sixty percent of surveyed hotels used compact fluorescent lamps in areas with long-term illumination instead of incandescent lamps, which lowers lighting energy consumption. Eighty percent of sampled hotels chose solar energy as the main energy source in producing hot water; moreover, solar energy was suggested to be widely applied to more aspects of hotel operation other than heating; for example, lighting, catering, and so on. Some managers of the surveyed hotels considered reducing the cost of unnecessary elements as a good way to save energy and resources and encouraged guests to bring their own toiletries and to reduce the frequency of sheet cleaning. Most managers regarded the government and tourist administration as the important forces in boosting energy efficiency. The independent energy measures of catering supply, retail shops, laundry service, and other departments should be established in order to provide a separate energy use lists for hotel management. Energy monitoring platforms and energy audit management systems should be put in place to gain a comprehensive analysis.
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