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Abstract 
 

Purpose / Context - Residential energy consumption except heating (RECEH) plays an important 

role in China. The purposes of this study were to analyze RECEH in Beijing and find out the influ-

ence factors of RECEH. 

 

Methodology / Approach - A survey of 2024 households in Beijing was undertaken. The investi-

gated residences were located in 23 residential communities and two farmers markets. Question-

naire contents included six aspects: building information, building envelope, living style, auxiliary 

household appliance, electricity consumption and other energy consumption. While electricity 

consumption in 8571 families, gas consumption in 189 families, and water consumption in 414 

families have been measured by the meter readings last for four months and a year. This paper 

obtained the results by a method combining data statistics with grey correlation analysis. 

 

Results –The results showed that the annual average consumption of electricity and air condi-

tioner electricity in each household was 1689 and 160.4 kWh separately. In addition, the quantity 

of annual average gas usage was 140 m³/household and the water consumption was 80 

m³/household. The analysis of influence factor showed that usable floor area and number of 

household members was the most profound impact on the entire electricity and gas consumption 

respectively. The most important influence factor of high, middle, low level electricity consumption 

families was the number of glass layers, number of household members and temperature setting 

of air conditioner separately. While construction year, number of household members and con-

struction year became the most important influence factor of high, middle, low level gas consump-

tion families separately.   

 

Key Findings / Implications –  

· Residential energy consumption except heating in Beijing has been investigated. 

· Influence factor was analyzed by grey correlation analysis.  

· The effect of usable floor area and number of household members was the strongest contri-

bution to the entire electricity and gas consumption respectively. 
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Originality - This paper analyzed residential energy consumption except heating in Beijing and 

obtained the influence factor by a method combining data statistics with grey correlation analysis. 

 

Keywords - Residential buildings, Energy consumption except heating, Influence factors, Grey 

correlation analysis. 

 

 
1. Introduction 

With the rapid development of economy, building energy consumption has become a significant 

issue affecting the development strategy of the whole country. It’s reported that the proportion of 

China building energy consumption to total energy consumption increased from 10% in 1970s to 

27.5% in 2014, and the proportion is expected to rise to 35% in 2020(Wang, 2014). By 2009, the 

average area of Beijing residential energy consumption is 28.73 kgce (m2 ∙ a)⁄ , and the energy 

consumption except heating which accounts for 42.6% of the total is 12.24  kgce (m2 ∙ a)⁄  (Beijing 

Municipal Bureau Statistics[BMBS], 2010).  

 

Some researchers made investigations to analyze the residential energy consumption in China. 

Chen, Yoshino, and Li made analyses on summer energy consumption of residential buildings and 

their influence factors in seven cities (Chen, Yoshino, &Li, 2010). Wang developed a model to esti-

mate the residential heating energy consumption and sensitivity analysis shows that residential 

heating energy consumption is significantly influenced by heating set-point temperature (Wang, 

Zhao, Lin, Zhu, &Ouyang, 2015).Tianchi Hu made the research in three cities and the influence 

factor analyses showed that the important influence factors were city location, floor area, CDD and 

the type of water heater (Hu, Yoshino, &Jiang, 2013). Zhao use the LMDI approach in its additive 

form to explore the driving factors behind the rapid growth of China’s urban residential energy con-

sumption (Zhao, Li, &Ma, 2013). Qiaoxia Yang adopts a bottom-up typical method to establish a 

model and the model can be used to analyse the development trend of the related factors (Yang, 

Liu, Huang, Min, &Zhong, 2015). In addition, Li and Jiang analyzed the residential energy consump-

tion except heating in Beijing. But it is regrettable that detailed analysis of other influence factors is 

lacking (Li & Jiang, 2006). 

 

This paper focused on the research of energy consumption in Beijing residential except heating, 

and analyzed the correlation between RECEH in Beijing and its influence factors by collecting ques-

tionnaire data. It is essential for decision makers and the public to keep gaining insight into the 

energy consumption in Beijing residential except heating and to figure out the influence factors, so 

as to put forward the corresponding energy saving measures. 

 

 

2. Methodology 

2.1 Investigation and Measurement 

The questionnaire survey lasts for one year and four months. The distribution of respondents rang-

es widely which included 23 communities and 2 markets (defined as A, B in all figures). The total 

number of questionnaires is 3000, while 2024 of them are valid. The distribution of questionnaire 

are as follows: 251 in Fengtai district, 725 in Chaoyang district, 335 in Xicheng district, 186 in 

Dongcheng district, 45 in Shijingshan district, 482 in Haidian district. Table 1 lists the questionnaire 

contents which covered 26 questions in total: building information, building envelope, living style, 

auxiliary household appliance, electricity consumption and other energy consumption.  

In addition, electricity consumption of 8571 families and water consumption of 414 families were 

collected by the meter readings once a month, in addition, gas consumption of 189 families were 

recorded every three months. 
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Table 1: Contents of questionnaire  

 

Items Specific content 

Building information Construction year, structure, usable floor area, number of 

household members 

Building envelope Material of window frame, number of glass layers, ways 

of shading 

Auxiliary household appliance Number of air conditioner, temperature setting of air con-

ditioner, use frequency of room auxiliary heater, types of 

water heater 

Living style Cooling pattern, energy saving habits 

Electricity consumption Annual household electricity consumption  

Other energy consumption Energy consumption of gas and water 

 

2.2 Grey correlation analysis method 

Grey correlation analysis method is a multi-variable statistical analysis method which based on 

sample data of various factors and described the degree and sequence of correlation among all 

factors by using the grey association degree. The basic concepts are as follows(Li, 2012) : 

 

(1) Grey correlation coefficient 

Let 
0 0{ ( ) 1,2, , }X X k k n  be the reference sequence, 

{ ( ) 1,2, , }(i 1,2, , )i iX X k k n n   be the relative sequence, 
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Where   is the resolution, the value is in the range from 0 to1. In general, the value of  should 

be 0.5. 0( ) ( ) ( )i ik X k X k   , which is the absolute differences between 𝑥0 and 𝑥𝑖 of 𝑘𝑡ℎ. 
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(2) Grey correlation degree 

The grey coefficients of each point are integrated to get the relevancy  between the whole and 

references: 
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(3) Data processing 

When the series whose units and initial values are different are analyzed with the relevance, they 

are processed usually with non-dimensional. 
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3. Results and Discussion 

3.1 Questionaire results 

As is shown in Table 2 and Table 3, most of the investigated buildings were built during the period 

of 2000-2004, while most buildings were constructed between 1990 and 2004 which accounted for 

82%. In addition, nearly half of the investigated budildings in Beijing were board structure which is 

more than the structure of tower and mixed. 

 

Table 2: Building structure 

 

Building Structure Tower Board Mixed 

Community  1,2,12,18,19,23 5,7,10,13,15,16,17,20,21,22 3,4,6,8,9,11,14 

 

Table 3: Construction year 

 

Construction 

year 

1980-1989 1990-1999 2000-2004 After 

2004 

Community 10, 5,6,9,13,20,22,23 1,2,3,4,8,11,12,14,15,17,19,21 7,16,18 

 

                               

Figure 1   Number of occupants                                   Figure 2  Usable floor area 

 

Fig.1 shows the number of household members in the investigated buildings. It is found that fami-

lies of three people are dominant which occupied 41%, while 17% of the investigated families have 

more than four persons. In general, the families have more members tend to be more energy con-

sumption. Regarding to usable floor area, Fig.2 illustrates that more than 70 percent of the investi-

gated inhabitants live in apartments with less than 90㎡. 
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Figure 3 Material of window frame                               Figure 4 The number of glass layer 

 

As we all known, around 50% are lost through doors and windows in the energy cost of the whole 

building. Fig.3 lists the material of window frames used in investigated buildings. More than 80% of 

the families used plastic steel windows with smaller heat transfer coefficients. And we can see from 

Fig.4 that installing double glazing is the best choice for most people, which can give a great help 

for cutting down the energy consumption of the external window. 

 

Regarding the types of shading, more than 90% of households in Beijing had curtain as shown in 

Fig.5. Fig.6 shows the household percentage of cooling mode. It is concluded from the figure that 

the most are all accustomed to use the air conditioner and electric fan in summer, while around 20% 

of people choose to cool down by opening window.  

 

              

Figure 5 Different shading way                          Figure 6 Percentage of cooling method 

 

Air conditioner has become an indispensable home appliance of our life. It is evident from Figure 7 

that nearly 90% of households had one or more air conditioners. According to Fig.8, most people 

have a strong sense of energy saving that refrigerating temperature could be maintained in the 

range of 25-28℃, but still about 40 percent of residents are still setting temperature too low. The 

average energy consumption of air conditioner in Beijing was reduced by 1.4 KWh/㎡ when the 

temperature of air-conditioned room was raised by 1℃ (Li & Jiang, 2006). 
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    Figure 7 The number of air conditioner                 Figure 8 Temperature setting of  air conditioner 

 

               

Figure 9 Usage frequency of room auxiliary heater    Figure 10 Usage rates of different water heater 

 

As we can see from Fig.9, the majority of residents won't use auxiliary heater in winter for that cen-

tral heating system can meet the requirement of indoor temperature. Some residential budilings 

built in earlier times use heating for the aging radiator has little effect. Figure 10 shows that most 

investigated residencesl were equipped with individual water heater. The piping gas water heater 

was the most popular type. In addition, only very few people adopted a system of solar energy 

water heater for lack of promote and publicize in early time. 

 

Figure 11 Household percentage on energy saving habits 

 

According to Fig.11, the implementation rate of energy-saving measurement are lower than 60% 

because these energy saving habits haven’t yet caused much attention. Implementation of "open 

fewer lights" is the best, meanwhile, "recommend energy-saving equipment for others" and "regular 
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maintenance of home appliance” are enforced poorly. Therefore, the government should formulate 

relevant preferential policy and strengthen the promotion efforts of energy-efficient appliances. 

 

3.2 Measured results of energy consumption 

 

 

Figure 12 Annual household electricity consumption 

 

Fig.12 illustrates annual electricity consumption distribution in the investigated household. All inves-

tigated families were divided into three categories: high level electricity consumption families ac-

counted for top 30% of the total energy consumption and low level electricity consumption families 

accounted for bottom 20% of the total energy consumption, what’s more, the remaining of families 

belongs to middle level electricity consumption. The annual mean electicity consumption was 1689 

KWh. Furthermore, the annual average electricity consumption in high level electricity consumption 

families was 3460.0 kWh, which was 1.9 times as much as that in the middle level families (1859 

kWh) and 4.1 times as the low level families(851.7 kWh). It  may easily to get into this situation that 

electricity consumption were distributed unevenly. 

  

                 

Figure 13 Quarterly mean gas use amounts             Figure 14  Monthly mean water use amounts 
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Fig.13 shows the average value of gas use during different quarters. The household gas use was 

35 m³ in a quarter and around 140 m³ in a whole year. It is found from Fig.13 that the largest mean 

gas value of 38 m³/household occurs in winter while the lowest gas value of 32 m³/household oc-

cured in autumn. Monthly measurement data of water consumption in a year were obtained and 

shown in Fig.14. The months of peak water usage were November and December while the lowest 

water consumption occured in March and April . The annual total amount of water consumption was 

80 m³/household, which was close to that in England (Zhang, Zhang, &Yue, 2004).  

 

3.3 Influence factor analysis 

When choosing the influence factors, we can firstly conduct a preliminary screening and then do the 

second step screening by calculating correlation and contribution.  

 

(1)  Calculate the correlation and contribution of influence factors 

 

Gas is generally used to cooking and heating water, therefore we can choose 6 influence factors 

subjectively.Then we can get the correlation coefficients among them by using statistical products 

and service solutions (SPSS) software. The correlation coefficient showed in Table.5 and each 

influence factor’s contribution to gas consumption showed in Table.6. 

 

Table 5 The correlation coefficients between the 6 influence factor 

 

Number NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 Gas consumption 

NO.1 1       

NO.2 0.396 1      

NO.3 0.201 0.138 1     

NO.4 -0.225 -0.151 -0.217 1    

NO.5 0.105 0.104 0.070 0.022 1   

NO.6 0.088 0.231 0.030 -0.067 0.009 1  

Gas consump-

tion 
-0.025 0.092 -0.024 -0.028 -0.124 0.107 1 

NO.1—construction year; NO.2—usable floor area; NO.3—building structure;  

NO.4—top floor or not; NO.5—type of water heater; NO.6—number of household members. 

 

Table 6 Influence factor’s contribution to gas consumption 

 

Number NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 

Contribution(%) 16.510 8.762 13.252 12.140 31.245 18.163 

(The meaning of Number is as the same as Table.5) 
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In Fig.15, the abscissa and ordinate are the absolute value of correlation coefficient to electricity 

consumption and contribution respectively. Then we divide the whole area into four parts: area Ⅰ, 

Ⅱ ,Ⅲ, Ⅳ, and the influence factors in area Ⅳ should be deleted for the reason that the correlation 

and contribution are both in a low level. Finally there are four influence factors left, which are con-

struction year, usable floor area, type of water heater, number of household members. 

 

 

Figure 15 correlation and contribution of gas consumption 

 

(2) Calculate grey correlative degree 

Liking the classification standard of electricity consumption, we divide the gas consumption into 

three levels: high, middle, low level. As is showed in Table.7, we can obtain influence factors’ grey 

correlative degree to gas consumption by grey correlative analysis theory. Similar to the previous 

approaches, Influence factors’ grey correlative degree of electricity consumption could be calculat-

ed and showed in Table. 8. In order to better explain the usage of air conditioner, we draw out the 

factor: the usage number of air conditioner, which is obtained by the number of air conditioner times 

the usage frequency. The value of non use, rarely use, occasional use and frequently use is 0.25, 

0.5, 0.75 and 1 respectively. 

 

Table 7 Grey correlative degree of influence factors to gas consumption 

 

Number construction year 
usable floor 

area 

type of water 

heater 

number of household 

members 

Total 0.540 0.732 0.621 0.759 

High level 0.720 0.499 0.693 0.634 

Middle level 0.604 0.740 0.576 0.737 

Low level 0.704 0.591 0.541 0.616 
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Table.8  Grey correlative degree of influence factors to electricity consumption 

 

Number NO.1 NO.2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.8 NO.9 NO.10 NO.11 

Total 0.549 0.545 0.776 0.476 0.504 0.651 0.754 0.572 0.681 0.624 0.775 

High level 0.438 0.852 0.602 0.842 0.881 0.466 0.472 0.723 0.426 0.543 0.626 

Middle level 0.552 0.540 0.699 0.452 0.460 0.693 0.716 0.598 0.671 0.624 0.735 

Low level 0.712 0.709 0.591 0.583 0.567 0.532 0.622 0.783 0.597 0.700 0.662 

NO.1—construction year; NO.2—building structure NO.3—usable floor area; NO.4—top floor or 

not; NO.5—number of glass layers; NO.6—type of water heater; NO.7—the usage number of air 

conditioner; NO.8—setting temperature of air conditioner; NO.9—cooling method; NO.10— family 

size; NO.11—energy saving habit. 

 

From Table.9, we can see that the usable floor area is the biggest influence factor, number of 

household members ranks the second, the usage number of air conditioner is the third in total elec-

tricity consumption. Larger usable floor area means that the family is very likely to use more or 

higher power appliances. And families with larger population can led to increase the frequency of 

household appliances. In addition, even though the variable frequency air conditioner enter into the 

market, but larger use rate of air conditioner leads to higher electricity consumption. In high level 

electricity consumption families, the number of glass layers has the strongest effect on electricity 

consumption, building structure and top floor or not rank the second and third respectively. What’s 

more, these factors can be attributed to the performance of building envelope. As for middle level 

electricity consumption families, number of household members is the most important factor. Higher 

temperature setting of air conditioner can reduce the electricity consumption effectively for low level 

electricity consumption family, however it don’t have remarkable influence on high and middle level 

electricity consumption families. As we all know, gas in residential is generally used to cooking and 

heating water, larger population means that the demand to meet daily life is larger. Therefore, no 

matter which level of gas consumption, the number of household members is always a big influence 

factor.  
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Table 9 Influence factors rank 

 

Influence 

Factor 

Rank 

Electricity Consumption 

Total High level Middle level Low level 

1 NO.3 NO.5 NO.11 NO.8 

2 NO.11 NO.2 NO.7 NO.1 

3 NO.7 NO.4 NO.3 NO.2 

4 NO.9 NO.8 NO.6 NO.10 

5 NO.6 NO.11 NO.9 NO.11 

6 NO.10 NO.3 NO.10 NO.7 

7 NO.8 NO.10 NO.8 NO.9 

8 NO.1 NO.7 NO.1 NO.3 

9 NO.2 NO.6 NO.2 NO.4 

10 NO.5 NO.1 NO.5 NO.5 

11 NO.4 NO.9 NO.4 NO.6 

Influence 

Factor 

Rank 

Gas Consumption 

Total High level Middle level Low level 

1 NO.4 NO.1 NO.2 NO.1 

2 NO.2 NO.3 NO.4 NO.4 

3 NO.3 NO.4 NO.1 NO.2 

4 NO.1 NO.2 NO.3 NO.3 

Electricity consumption: NO.1—construction year; NO.2—building structure; NO.3—usable floor  

area; NO.4—top floor or not; NO.5—number of glass layers; NO.6—type 

of water heater; NO.7—the usage number of air conditioner; NO.8—

temperature setting of air conditioner; NO.9—cooling method; NO.10—

thermal comfort; NO.11—number of household members 

Gas consumption: NO.1—construction year; NO.2—usable floor area; NO.3—type of water heater; 

NO.4—number of household members 

4. Conclusion 

In this paper, we investigated energy consumption in Beijing residential buildings except heating 

and analyzed the influence factors by statisticai method and grey correlation analyses. Some con-

clusions are summarized as follows: 

 

• There exists energy consumption distribution unevenness in most investigated households. 

The average annual electricity consumption was 1689 kWh/household with a maximum 

reaching 17047 kWh/household. In addition, the high level electricity consumption families 

consumed 30% of the total electricity consumption annually and 40% of the total electricity 

consumptions could be enough to supply daily life of the low level electricity consumption 

families. 

 

• The quantity of average annual gas usage was 140m
3
/household. 

 

• The annual average water consumption was around 80m
3
/ household, including 14m3 hot 

water, 19m
3
 reclaimed water and 47m

3
 cold water. 
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• Among the entire influence factors of electricity and gas consumption, usable floor area 

and number of household members rank the first position respectively. 

 

• The most important influence factor of high, middle, low level electricity consumption fami-

lies is the number of glass layers, number of household members and temperature setting 

of air conditioner respectively. 

 

• Construction year has the strongest effect on high and low level gas consumption families 

while number of household members is the most important influence factor for middle level 

gas consumption families. 
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