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Abstract

:

Despite growing urban electricity consumption, information on actual energy use in the household sector is still limited and causal factors leading to electricity consumption remain speculative due to urban expansion and its growing complexity, particularly in developing countries such as Malaysia. This study aims to examine the critical determinants of household electricity consumption by evaluating the patterns and flows of consumption and analysing relationships and their effects on electricity usage among 620 urban households in Seremban, Malaysia. Results suggest that the average urban household electricity consumption is 648.31 kWh/month; this value continues to grow with the increase in the household monthly income (r = 0.360; p < 0.01) and number of rooms (r = 0.360; p < 0.01) as quality of life improves. A large portion of electricity is allocated for kitchen/home consumption, followed by cooling and lighting. Multiple linear regressions revealed that married households with a high monthly income and living in spacious houses together with three to five people are important predictors of electricity consumption in Seremban. This study empirically identified that the number of rooms is the most critical factor of electricity consumption and strategies to increase energy efficiency, maintain resource sustainability and minimise greenhouse gas threat on the urban ecosystem are vital. Therefore, promoting low carbon initiatives for energy conservation and technology improvement and implementing policies in the domestic sector are essential to achieve the greatest potential energy consumption reduction in urban regions.
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1. Introduction


Research on energy consumption has become a focal point recently, with various aspects of energy being investigated, particularly in emerging economic countries. Malaysia is a developing country that is highly dependent on energy. The share of primary energy supply has been increasing considerably to ensure the sustainability of economic development. Natural gas represented approximately 41.9% of the Malaysian primary energy supply in 2017, followed by crude oil (27.9%) and coal (21.1%) (Figure 1). Rapid economic growth and a high concentration of urban inhabitants have resulted in high energy consumption in urban regions [1,2,3]. Such high urban electricity consumption has resulted in a significant threat to and degradation of the urban environment, as exhibited by urban heat islands and intensified greenhouse gas emissions [4,5,6,7].



Asian countries, particularly China (27%), India (6.8%) and Japan (3.3%), contribute to approximately 53% of global emissions [8]. The Association of Southeast Asia Nations (ASEAN) region contributed approximately 1298 Mt of carbon emissions in 2016, which was mainly generated by Indonesia, Thailand and Malaysia [9]. Therefore, energy efficiency policies and energy savings among households for this sector are becoming important issues in all economic sectors with the continuous expansion of urban regions. Urban regions are a significant user of energy and materials due to high population and economic growth [10,11,12]. Megacities such as Shenzhen utilise approximately 87% of electricity power in end use consumption, followed by Osaka (85%), Tokyo (77%) and Sao Paolo (67%) [13]. As a result, megacities such as Tokyo release approximately 60 million tons of energy-related carbon dioxide (CO2), equivalent to 5.1% of Japan’s domestic emission [14]. In the context of Malaysia, electricity consumption in Peninsular Malaysia increased from approximately 73,987 GWh in 2005 to 116,529 GWh (45.2%) in 2016 [15]. In the same period, electricity consumption per capita grew from 3560 kWh to 4662 kWh, correlating to an increase of approximately 30.95%, in line with the population and economic growth of Malaysia. The domestic sector represented approximately 21.61% of the total electricity consumption in Malaysia [2]. This sector is projected to grow by 2.9% from approximately 10 million tons of oil equivalent (Mtoe) in 2013 to 22 Mtoe in 2040, with the major electricity demand expected to come from the building sector, which is expected to make up 68% of the total electricity demand in 2040 [16].
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Figure 1. Share of Malaysia primary energy supply (a) and electricity supply (b) in 2017 [15]. 






Figure 1. Share of Malaysia primary energy supply (a) and electricity supply (b) in 2017 [15].
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Numerous studies have indicated that electricity consumption is significantly related to socioeconomic background [17,18,19,20,21], housing characteristics [22,23,24], climatic conditions [25,26,27], economic growth [28,29,30] and behavioural factors [18,31,32,33]. The links between electricity consumption and income have been found in numerous studies [34,35,36]. Chen et al. [18] found that young households consumed more electricity than elderly households. This finding explained approximately 28.8% of the variation in energy consumption, particularly for heating and cooling among Chinese households. Huebner et al. [37] revealed that the highest variability in energy consumption was explained by building factors. Similarly, a significant relationship was found between dwelling factors and electricity consumption [38]. Several studies focused on identifying factors related to household electricity consumption and the perception of the household towards resource efficiency at home. In this case, the electricity consumption can be determined by the household income, the size of the household and the number of appliances owned [39]. Wahlstrom and Harsman [40] indicated that household size also significantly contributes to the high electricity consumption in residential areas because a larger household would require more energy than a smaller household, especially for heating and cooling. Numerous studies have also proven that the age of the household significantly affects electricity consumption [40,41], whereas few studies indicated contrary findings [42,43]. Other studies found that housing characteristics, such as housing size, age of household, type of house and appliance usage, significantly influence electricity consumption [43,44].



This study produces important findings in the field of residential energy consumption in a rapidly growing city in a developing country like Malaysia. Moreover, it provides an understanding of the urban energy consumption characteristics and critical factors that affect consumption.



Huang et al. [22] applied regression analysis to identify the factors that influence electricity consumption in Taiwan. Chen [45] investigated the factors of electricity consumption from the perspective of socioeconomics and consumption. Desipri et al. [46] analysed the factors that influence electricity consumption and behaviour by using chi-square analysis of 221 households in Greece. Yalcintas and Kaya [47] conducted multiple regression analysis to study the role of income and household size on electricity consumption in Hawaii. Similarly, Wijaya and Tezuka [48] conducted multiple regression analysis in investigating the relationship among income, household size, education level, time spent at home, floor area, the use of cooling appliances and electricity bills in Indonesia.



Despite the growing urban electricity consumption, information on the actual energy use in the household sector is still limited and the causal factors leading to electricity consumption remain speculative due to urban expansion and its growing complexity, especially in developing countries such as Malaysia. Therefore, the objective of this study is to investigate the critical factors of household electricity consumption in a rapidly growing city; Seremban is selected for the case study. The study has three aims: to understand the patterns and flows of household electricity consumption in a rapidly growing city; to investigate the relationship and effects of the socioeconomic profile and housing characteristics in household electricity consumption; and to explain the critical determinants of household electricity consumption and their implications in the urban residential building sector.



The limitations of this study are as follows: It does not include all factors of electricity consumption in urban regions. It focuses only on the socioeconomic profile of households and housing characteristics due to time constraints and financial issues because these variables are rarely considered in determining the critical factors of electricity consumption in a growing city. Economic, social and behavioural factors should be considered in future studies to provide a full picture of electricity consumption in a growing city. Moreover, quantitative analysis has shown a significant relationship in urban electricity consumption and the number of rooms has been identified as the critical factor in electricity consumption. However, in terms of electrical appliances, only 11 appliances were considered due to time and space limitations. Considering other appliances would be more informative and represent electricity consumption in urban areas as a whole.



Unlike previous research, this study focuses on electricity consumption in the domestic sector as the main electricity consumer in Malaysia. This study would provide additional information and new findings on the issues of urban electricity consumption for future energy planning. Seremban is selected as the case study because it is experiencing rapid urban development. Studying electricity consumption will contribute to increased energy efficiency and sustainable electricity consumption in urban regions. Lastly, this study provides critical determinants of electricity consumption that policymakers, industry players and consumers can engage to improve energy-related policies in Malaysia.




2. Materials and Methods


2.1. Study Area


Seremban (Figure 2) is situated in Malaysia’s most developed region and is experiencing rapid economic development due to its high population, thereby requiring more physical and social development. It is located 60 km south of Kuala Lumpur, with a high degree of accessibility to the central business district area. Seremban has a high-quality transportation system, making it one of the most liveable cities in Malaysia. Its population increased to 65.07% in 2016, reaching a total population of 633,100 [49]; most of the city spaces are residential areas. The housing sector is the third largest land use in Seremban after agriculture and forestry [50]. The study commenced with the classification of residential areas based on the types of houses built, such as traditional/village, single-storey terrace, double-storey terrace, semi-detached, bungalow and flat unit, as indicated by the Seremban City Council. Identifying the energy consumption patterns in a growing city such as Seremban is crucial to formulate essential energy policies and strategies to increase the sustainable consumption of resources. Identifying these patterns can minimise the dependency on physical resources and increase material and energy efficiency.




2.2. Survey Design and Data Collection


Previous studies indicated that various factors such as socioeconomic and dwelling characteristics [52,53] could determine residential electricity consumption. Therefore, to understand the electricity usage among households in a growing city, the survey was designed to cover every aspect of users, including socioeconomic background, appliance ownership and housing characteristics, as shown in Figure 3.



The electricity consumption of each appliance can be calculated using the following formula:


Electricity Consumption (kWh/month) = Power Rating × Working Hours × Number of Items × 30 days / 1000



(1)







The sample size was determined using the methodology provided by Creative Research Systems [54], whereby the respondents were selected using proportionate stratified random sampling based on the type of house in the study area. Therefore, the unit of analysis in this study is the urban household. For this research, a questionnaire survey was distributed to 620 respondents. However, only 400 completed questionnaires were considered, reaching a 64.51% response rate. In Section A (socioeconomic background) of the questionnaire, the respondents were asked about their socioeconomic profile and housing characteristics, such as gender, age, race, marital status, occupation, monthly income, education level, household size, type of house and number of rooms. In Section B (appliances ownership and consumption), the respondents were required to provide related information about electricity consumption, such as appliance ownership, frequency of using the appliances and duration of consumption. The details of the appliance ownership are shown in Table 1.



These appliances were grouped into three major categories (cooling, lighting and kitchen/home appliances), as indicated in Figure 3. The electricity consumption per month was calculated manually using the methodology provided by Olaniyan et al. [55].




2.3. Data Analysis


Statistical analysis was carried out using SPSS software [56]. All the data were checked to avoid technical errors and missing values in the dataset. Cronbach’s alpha was used to determine the normality of the data. The pattern of the total electricity consumption for each appliance was calculated manually. Then, the data were used in mapping the energy consumption flow, which could be generated using a Sankey diagram. For this purpose, an online Sankey diagram generator was used. Correlation analysis was applied to determine the nature of the relationship between variables [57]. Direct and indirect relationships were determined using this analysis. Regression analysis can predict and explain the value of a dependent variable on one or more independent variables [58]. Therefore, multiple linear regressions were applied to investigate the contribution of the independent variables on the dependent variable. The independent variables were represented by the respondents’ socioeconomic profiles (age, race, monthly income, marital status, occupation, education level and household size), housing characteristics (type of house and number of rooms) and appliance ownership. The dependent variable was represented by total electricity consumption (kWh/month). Multiple linear regressions can be conducted using the following equation:


Y = β0 + β1 X1 + β2 X2 + β3 X3…. + βn Xn + ε



(2)




where Y is the total electricity consumption (kWh/month), X1, X2, …, Xn are the predictor variables with n as the number of variables, β0, β1, …, βn represent the regression coefficients and ε represents error [59]. The identification of critical determinant factors depends on the studied variables, which were grouped into energy, socioeconomic profile and housing characteristics, in line with the classification by Chen et al. [18]. The validity of parametric tests is highly dependent on the assumption of normality [60]. The variables in the current dataset were proven to be normally distributed because the value of skewness and kurtosis was smaller than 2 and 7, respectively. These values were applied for sample sizes greater than 300 [61], as displayed in Table 2.





3. Results


3.1. Demographic Background


The average age of the household head was between 40 and 49 years old. Most of the respondents were married and working in the government sector. The average monthly income of the respondents ranged from RM 3001 to RM 4000 and the lowest educational level was diploma. The average household size was three to five persons. In terms of housing characteristics, most of the respondents lived in single-storey terrace houses with an average of four rooms.




3.2. Measuring Electricity Consumption


Pattern and Flows of Consumption


The average household electricity consumption per month was 648.31 kWh with a standard deviation of 280.22 kWh. Electricity was allocated mainly for kitchen/home appliances (107.22 kWh), followed by cooling (99.58 kWh) and lighting (45.22 kWh) (Figure 4). Refrigerators consumed a large amount of electricity, with an average consumption of approximately 308.41 kWh/month, followed by air conditioners (206.63 kWh/month), ceiling fans (80.96 kWh/month) and other appliances (Table 1). Figure 5 presents the electricity consumption per month and per capita according to the type of house. Single-storey terrace houses had a high total electricity consumption per month (114,371.86 kWh) because a high sample size was obtained from this housing type, which was also identified as the main housing type in Seremban. This finding may have contributed to the high total electricity consumption of this housing type. Double-storey terrace houses consumed approximately 62,848.69 kWh/month, followed by bungalows (35,437.02 kWh/month), semi-detached houses (27,274.9 kWh/month), traditional/village houses (11,201.44 kWh/month) and flats (6902.42 kWh/month). Bungalows recorded the highest electricity consumption per capita (885.95 kWh/month) probably due to their size and the number of appliances. The high electricity consumption of bungalows is probably due to cooling and lighting because the respondents from this type of house usually have a high socioeconomic background.



Flats had the lowest total electricity consumption per month and per capita possibly due to the small sample size and the limited appliance ownership. Therefore, the size of the house (spacious and small) significantly affects the amount of electricity consumed, as discussed in Wijaya and Tezuka [48] and Kubota and Ahmad [62]. A Sankey diagram was developed to portray the overall picture of electricity consumption flow in the study area (Figure 6).





3.3. Measuring Relationship


Pearson’s correlation analysis measures the linear relationship between two variables [57]; it refers to an association, connection or any form of relationship [63] and is measured using a value ranging from −1 to +1. The strength of the correlation coefficient can be classified as weak, moderate, strong or very strong [64]. If the value of the correlation is close to −1 or +1, then the relationship is very strongly correlated. A value close to zero indicates a weak relationship or no relationship.



3.3.1. Socioeconomic Profile vs Electricity Consumption


As presented in Table 3, the electricity consumption in Seremban was significantly correlated with the age of the household (r = 0.108; p < 0.05), monthly income (r = 0.360; p < 0.01), education level (r = 0.227; p < 0.01) and household size (r = 0.210; p < 0.01). Monthly income had the largest positive correlation with electricity consumption, followed by education level, household size and age of household. Thus, as household age, monthly income, education level and household size increase, electricity consumption also increases. However, the results indicated that race, marital status and occupation have no relationship with electricity consumption. Although these variables are uncorrelated, they might still be indirectly correlated with electricity consumption. For instance, marital status (r = 0.360; p < 0.01) and occupation (r = 0.162; p < 0.01) were significantly correlated with the age of the household, which subsequently contributed to electricity consumption. Income significantly affects electricity consumption because it is significantly correlated with all seven variables.



A similar result was found by Chen et al. [18]. Monthly household income explained approximately 12.9% of the variation in monthly electricity consumption (kWh). Education level also significantly affected electricity consumption, accounting for 5.2% of the variation in electricity consumption per month. Other important variables are household size and age of the household, which accounted for 4.4% and 1.2% of the variation in monthly electricity consumption, respectively; other variables presented insignificant results. In summary, household income, education level, household size and age were significantly correlated with electricity consumption. This finding indicates that the increment in each of these variables would lead to high electricity consumption.




3.3.2. Housing Characteristics vs Electricity Consumption


As presented in Table 4, the number of rooms had the most significant correlation (r = 0.376; p < 0.01), followed by the type of house (r = 0.209; p < 0.01). The linear relationship between the variables shows that a house becomes more spacious as its number of rooms increases, thereby increasing electricity consumption significantly. The number of rooms and type of house accounted for 14.2% and 4.4% of the variation in electricity consumption, respectively.




3.3.3. Socioeconomic Profile and Housing Characteristics vs Electricity Consumption


The age of the respondent, monthly income, education level, household size, type of house and number of rooms had a significant direct relationship with electricity consumption (Table 5). Correlation analysis also revealed the significant indirect relationship. For instance, monthly income was significantly correlated with education level (r = 0.470; p < 0.01), occupation (r = 0.332; p < 0.01), number of rooms (r = 0.330; p < 0.01), age (r = 0.202; p < 0.01), type of house (r = 0.198; p < 0.05), household size (r = 0.151; p < 0.01), marital status (r = 0.131; p < 0.01) and race (r = 0.126; p < 0.05). Among these variables, educational level, occupation and number of rooms had a greater correlation with monthly income. A similar result was found for housing characteristics. Although the type of house exhibited a direct relationship with electricity consumption, other variables also had an indirect relationship. The type of house was significantly correlated with educational level (r = 0.232; p < 0.01), monthly income (r = 0.198; p < 0.01), occupation (r = 0.153; p < 0.01) and age (r = 0.122; p < 0.05). Therefore, the type of house is improved as education level, monthly income, occupation level and age of respondents increase, subsequently influencing electricity consumption (Figure 7).





3.4. Determining Critical Factor


The critical factors that affect electricity consumption were analysed. Multiple linear regression analysis was performed to determine the overall effects of respondents’ socioeconomic profile and housing characteristics on electricity consumption in an urban region. The variables were considered the categorical factors in the model; thus, a dummy variable was created to represent an attribute that belongs two or more categories [65]. A stepwise technique in a three-step regression model was applied to investigate the critical factors of electricity consumption. In the first model, socioeconomic profiles, such as race, marital status, occupation, education level, age, income and household size, were included. In the second regression model, housing characteristic variables, including the type of house and number of rooms, were tested. In the third model, both socioeconomic profile and housing characteristics were combined in the regression model to identify the critical determinants of electricity consumption in the study area. The results of the regression analysis are presented in Table 6, Table 7 and Table 8.



The first model of the regression analysis indicates that the socioeconomic profile explained approximately 15.4% of the variation in electricity consumption (Table 5). This finding shows that a household with a high monthly income tends to consume more electricity because it has more stable financial resources and a stronger ability to purchase and own many electrical appliances compared with other income groups. The income factors (>RM 5001) were the largest and most significant contributor (β = 0.378, p = 0.000; p < 0.05) to electricity consumption. Therefore, each unit increment in household income leads to an increment of approximately 0.378 kWh in monthly electricity consumption. Similarly, married households consumed a high amount of electricity, which might probably be due to the greater sample size (81.3%) in the current dataset. Therefore, high-income households tend to consume more electricity than low-income households in an urban region. The contribution of the socioeconomic profile can be expressed by the following equation:


Y (Electricity Consumption) = 504.025 (Constant) + 240.655X1 (>RM5001) + 114.493X2 (Married) + 136.242X3 (RM4000-RM5000) + 90.680X4 (RM3001-RM4000) − 70.861X5 (Government) + 34.553 (Std, Error)



(3)







In the second model, the housing characteristic variables explained approximately 16.1% variation of electricity consumption in an urban region (Table 6). A house with more than five rooms was the largest contributor to electricity consumption (β = 0.323, p = 0.000; p < 0.05). This result indicates that for each unit increment in the number of rooms, electricity consumption increases by 0.323 kWh/month. Therefore, spacious houses with a greater number of rooms, such as bungalows, consume a higher amount of electricity, especially for cooling; this finding is similar to that of other studies [48,62]. The contribution of the housing variables can be expressed by the following equation:


Y (Electricity Consumption) = 567.194 (Constant) + 283.200X1 (>5 rooms) + 106.565X2 (4 rooms) + 117.858X3 (Bungalow) + 17.578 (Std. Error)



(4)







Lastly, the socioeconomic profile and housing characteristic variables were combined to set up the final model of electricity consumption (Table 7). Interestingly, after all variables in the model were combined, both variables (socioeconomic profile and housing characteristics) explained approximately 25.3% of electricity consumption in the study area.



Specifically, married households with a high income and a spacious house with three to five people were important predictors of electricity consumption in Seremban. The model also showed that houses with more than five rooms were the largest contributor to electricity consumption (β = 0.316, p = 0.000; p < 0.05). Hence, electricity consumption increases by 0.316 kWh with each additional unit in a house with more than five rooms. Therefore, the number of rooms is the critical factor of electricity consumption in a rapidly growing city. This finding is essential in energy management and important for limiting the negative effect of greenhouse gas emissions in urban regions. The contribution of the variables can be expressed by the following equation:


Y (Electricity Consumption) = 414.554 (Constant) + 277.499X1 (>5 rooms) + 121.610X2 (>RM5001) + 129.468X3 (Married) + 62.733X4 (3–5 people) + 69.789X5 (4 rooms) + 97.571X6 (Bungalow) + 31.853 (Std, Error)



(5)









4. Discussion


The analysis focused solely on explaining the critical factors of electricity consumption in a rapidly growing city. The dependent and independent variables were tested using statistical analysis among 620 urban households.



4.1. Summary and Relation to Previous Study


As indicated by Chen et al. [18], energy consumption is unique and can be distinguished based on certain characteristics of the user, such as race, sociocultural norms, climate and behaviour. The respondents’ socioeconomic profile and housing characteristics were significantly related to electricity consumption in Seremban. Factors such as monthly income (r = 0.360; p < 0.01), educational level (r = 0.227; p < 0.01), household size (r = 0.210; p < 0.01), age (r = 0.108; p < 0.05), type of house (r = 0.209; p < 0.01) and number of rooms (r = 0.376; p <0.01) were directly associated with electricity consumption, whereas other factors had an indirect correlation only. Similar results were found in numerous studies, e.g., Rahman et al. [66], Huang [22], Tewathia [19] and Khattak et al. [67]. Rahman et al. [66] found that housing characteristics, such as the type of house (r = 0.221), number of rooms (r = 0.176), housing size (r = 0.221), monthly income (r = 0.183) and household size (r = 0.161), were significantly correlated with electricity cost. Tewathia [19] found different results and indicated that housing size and household size were moderately correlated with electricity consumption. Huang [22] found that high-income households consumed twice as much electricity compared with low-income households. However, in terms of electricity consumption per capita, low-income households had higher consumption than high-income households. This study revealed that income was the most significant socioeconomic factor that influences electricity consumption in Seremban. For instance, household income had a significant correlation with electricity consumption (r = 0.360; p < 0.01). Thus, the increment in household income would lead to increased electricity usage. This result is probably due to the respondents’ educational level (r = 0.470; p < 0.01) and household size (r = 0.151; p < 0.01), given that these variables are directly correlated with household income and indirectly correlated with electricity usage. The reason for this finding is that high-income households commonly have a greater number of occupants who live in spacious houses and own a wide range of appliances [68]. According to Nielsen [69], a 1% increment in appliance ownership contributes to an approximately 0.35% increment in electricity consumption. Bedir et al. [70] added that appliance ownership explained approximately 21% of the variation in domestic electricity consumption. Thus, the current findings show that household income significantly determines the electricity consumption in Seremban.



This study also found that the number of rooms was the most significant housing variable that influences electricity consumption in Seremban, denoting a linear relationship, i.e., a higher number of rooms corresponds to higher electricity consumption. The Pearson’s correlation test indicated a significant relationship between the number of rooms and the type of house, which is why these factors are assumed to complement each other, i.e., a spacious house correlates to more rooms. Bedir et al. [70] indicated that the number of rooms was significantly correlated with electricity consumption, particularly for study/hobby rooms in the Netherlands. They found that electricity expenditure increased by more than 11% as the number of rooms increased [71]. However, Brounen et al. [43] and Wiesmann et al. [72] found that the number of rooms has an insignificant effect. Similarly, the multiple linear regression analysis conducted in the present study revealed that high-income married households living in a spacious house with three to five people were important predictors that affect the electricity consumption in Seremban. The regression model indicated that the number of rooms was the largest contributor to electricity consumption, hence implying that the number of rooms determines the usage of electricity, particularly for heating and cooling, as it is the most significant component that affects household electricity consumption [17,18]. The effect of respondents’ socioeconomic profile and housing variables on electricity consumption is shown in Figure 8.




4.2. Comparison with Other Countries and Cities


The average electricity consumption in various countries is shown in Figure 9 [73], which indicates that the electricity consumption of Malaysian households is slightly higher than that of China and the world. A comparison with other ASEAN countries shows that the average electricity consumption of Malaysia is double that of Thailand and lower than that of Brunei and Singapore probably because the urban population of both countries is higher than that of Malaysia. Meanwhile, other countries, such as Vietnam, Indonesia, the Philippines and Myanmar, have lower electricity usage than Malaysia.



The influence of urban population in electricity consumption was also tested, as shown in Figure 10. The scatterplot reveals that the value of R2 is 0.7943 or 79.43% variation in electricity consumption. This finding indicates that the urban population contributed almost 80%, whereas the nonurban population contributed approximately 20% in global electricity consumption. Therefore, electricity consumption reduction in urban areas should be the first priority in developing countries, particularly for the domestic sector because their consumption is highly influenced by the urban population density. In summary, countries with a high urban population density consumes more electricity than less developed countries do.



Figure 11 shows the electricity consumption per capita for several cities. The data were gathered from previous studies, particularly in Southeast Asian countries [74,75]. The average electricity consumption per capita in Seremban is 648.31 kWh/month, which is slightly higher than the average electricity consumption per capita in Singapore and slightly lower than the average electricity consumption in Manila, Kuala Lumpur and Jakarta.




4.3. Implications of the Study Findings


The results imply that the number of rooms is the critical determinant that explains residential electricity consumption in a rapidly growing city. On the basis of electricity consumption, most electricity is allocated for kitchen/home, cooling and lighting appliances. The survey results identified that energy-saving appliances are not fully utilised. Therefore, a detailed ownership of energy-saving devices is significant to understand electricity consumption. Furthermore, the number of energy-saving appliances in the market is limited. Currently, only five appliances comply with the energy efficiency rating of the Malaysian Energy Commission, namely, refrigerators, televisions, microwave ovens, air conditioners and washing machines. In addition, the energy demand from the residential sector is projected to increase significantly due to rapid urban development. Therefore, improving the energy efficiency of appliances should be used as a way to reduce carbon emissions in urban regions.



This study also identified room for improvement of energy conservation and management at the household scale. The result of the Sankey diagram portrays the energy flows in the urban residential sector. This study offers a great opportunity for power saving through energy-saving appliances, given that the majority of electricity is allocated for kitchen/home and cooling appliances. Therefore, electricity consumption can be controlled and managed for the household sector. However, this approach involves large financial investments in energy efficient products.





5. Conclusions


This study focused only on the effect of respondents’ socioeconomic profile and housing characteristics on electricity consumption. Future studies should investigate other factors, including the effect of human attitude and behaviour and climatic conditions on electricity consumption. Previous works considered consumer behaviour a significant determinant of residential electricity consumption because electricity consumption is related not only to building characteristics but also to human activities in the building. Therefore, these variables need to be studied further because they have different and complex effects on electricity consumption.



This study focused only on the effect of respondents’ socioeconomic profile and housing characteristics on electricity consumption. Future studies should investigate other factors, including the effect of human attitude and behaviour and climatic conditions on electricity consumption. Previous works considered consumer behaviour a significant determinant of residential electricity consumption because electricity consumption is related not only to building characteristics, but also to human activities in the building. Therefore, these variables need to be studied further because they have different and complex effects on electricity consumption.
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Figure 2. Study area (altered based on ref. [51]). 
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Figure 3. Survey design. 
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Figure 4. Histogram of (a) average home/kitchen, (b) average lighting and (c) average cooling (kWh/month). 
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Figure 5. The electricity consumption per month and per capita in different type of house. 
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Figure 6. Energy flows in Seremban (kWh/month). 
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Figure 7. Direct and indirect relationship of variables and electricity consumption. 
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Figure 8. Relationship model of household electricity consumption in Seremban, Malaysia. 
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Figure 9. Average household electricity consumption of countries. 
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Figure 10. Scatter plot between electricity consumption and urban population. 
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Figure 11. Urban electricity consumption per capita. 
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Table 1. Appliances considered in the study.
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	Appliances
	Number of Equipment
	Average

Consumption (kWh)
	Power Rating
	Average

Operating (hour/day)
	Total Consumption (kWh)





	Refrigerator
	395
	308.41
	400
	24
	121,824



	Microwave
	177
	15.07
	1500
	0.25
	2668.78



	Washing Machine
	382
	16.71
	425
	2
	6384.49



	Rice Cooker
	380
	20.95
	730
	1
	7961.46



	Television
	372
	29.43
	150
	5
	10,948.01



	Fluorescent Lamp
	292
	47.7
	30
	5
	13,930.32



	Lighting Bulb
	179
	34.68
	36
	3
	6207.98



	Air Conditioning
	237
	206.63
	750
	6
	48,973.39



	Ceiling Fan
	378
	80.96
	100
	6
	30,606.3



	Stand Fan
	229
	25.35
	75
	4
	5805.75



	Vacuum Cleaner
	220
	12.39
	1220
	1
	2725.85



	Total
	3241
	798.28
	5416
	57.25
	258,036.33
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Table 2. Variables, mean and standard deviation.
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Variables

	
Mean

	
Standard Deviation

	
Skewness

	
Kurtosis






	
Energy

	
Electricity consumption (kWh/month)

	
648.31

	
280.22

	
1.916

	
5.814




	
Socioeconomic Profile

	
Age of household head (years old)

	
2.60

	
0.986

	
0.122

	
−1.139




	

	
Marital status

	
1.92

	
0.529

	
1.246

	
6.325




	

	
Occupation

	
1.49

	
0.937

	
1.834

	
2.043




	

	
Monthly income (RM)

	
4.09

	
1.508

	
−0.211

	
−1.035




	

	
Education Level

	
3.57

	
1.389

	
−0.231

	
−1.140




	

	
Household size (person)

	
1.93

	
0.710

	
0.105

	
−1.006




	
Housing Characteristics

	
Type of house

	
2.82

	
1.222

	
1.016

	
0.204




	

	
Number of rooms

	
2.54

	
0.741

	
0.455

	
−0.404
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Table 3. Correlations between socioeconomic variables and electricity consumption.
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	Electricity Consumption (kWh)
	Age
	Race
	Marital Status
	Occupation
	Monthly Income (RM)
	Education Level
	Household Size





	Electricity consumption (kWh)
	1
	
	
	
	
	
	
	



	Age
	0.108 *
	1
	
	
	
	
	
	



	Race
	0.097
	−0.011
	1
	
	
	
	
	



	Marital status
	0.031
	0.370 **
	−0.057
	1
	
	
	
	



	Occupation
	−0.001
	0.162 **
	−0.061
	−0.026
	1
	
	
	



	Monthly income (RM)
	0.360 **
	0.202 **
	0.126 *
	0.131 **
	−0.332 **
	1
	
	



	Education level
	0.227 **
	−0.127 **
	0.204 **
	−0.096
	−0.168 **
	0.470 **
	1
	



	Household size
	0.210 **
	0.188 **
	−0.092
	0.052
	0.012
	0.151 **
	−0.047
	1







* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).
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Table 4. Correlations between housing variables and electricity consumption.
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	Electricity Consumption (kWh)
	Type of House
	Number of Rooms





	Electricity consumption (kWh)
	1
	
	



	Type of house
	0.209 **
	1
	



	Number of rooms
	0.376 **
	0.328 **
	1







** Correlation is significant at the 0.01 level (2-tailed).
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Table 5. Correlations between socioeconomic profile, housing characteristics and electricity consumption.
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	Variables
	Age
	Race
	Marital

Status
	Occupation
	Monthly

Income

(RM)
	Education

Level
	Household

Size
	Type of House
	Number of Rooms





	Age
	1
	
	
	
	
	
	
	
	



	Race
	−0.011
	1
	
	
	
	
	
	
	



	Marital Status
	0.370 **
	−0.057
	1
	
	
	
	
	
	



	Occupation
	0.162 **
	−0.061
	−0.026
	1
	
	
	
	
	



	MonthlyIncome (RM)
	0.202 **
	0.126 *
	0.131 **
	0.332 **
	1
	
	
	
	



	Education level
	−0.127 **
	0.204 **
	−0.096
	0.168 **
	0.407 **
	1
	
	
	



	Household size
	0.188 **
	−0.092
	−0.052
	0.012
	0.151 **
	−0.047
	1
	
	



	Type of house
	0.122 *
	0.067
	−0.002
	0.153 **
	0.198 **
	0.232 **
	0.045
	1
	



	Number of rooms
	0.084
	0.095
	−0.037
	0.031
	0.330 **
	0.340 **
	0.203 **
	0.328 **
	1







* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).
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Table 6. Regression model for socioeconomic variables.
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	Model
	B
	Std. Error
	Beta
	Sig.
	R2





	(Constant)
	504.025
	34.553
	
	0.000
	



	>RM5001
	240.655
	34.519
	0.378
	0.000
	0.088



	Married
	114.493
	34.056
	0.160
	0.001
	0.119



	RM4001–RM5000
	136.242
	41.131
	0.173
	0.001
	0.132



	RM3001–RM4000
	90.680
	35.886
	0.134
	0.012
	0.142



	Government
	−70.861
	30.621
	−0.112
	0.021
	0.154
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Table 7. Regression model for housing characteristics variables.
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	Model
	B
	Std. Error
	Beta
	Sig.
	R2





	(Constant)
	567.194
	17.578
	
	0.000
	



	>5 rooms
	283.200
	49.353
	0.323
	0.000
	0.117



	4 rooms
	106.565
	28.126
	0.181
	0.000
	0.151



	Bungalow
	117.858
	50.834
	0.126
	0.021
	0.161
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Table 8. Regression model for socioeconomic and housing characteristics variables.
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	Model
	B
	Std. Error
	Beta
	Sig.
	R2





	(Constant)
	414.554
	31.853
	
	0.000
	



	>5 rooms
	277.499
	47.491
	0.316
	0.000
	0.117



	>RM5001
	121.610
	30.064
	0.191
	0.000
	0.186



	Married
	129.468
	31.898
	0.181
	0.000
	0.222



	3–5 people
	62.733
	24.925
	0.112
	0.012
	0.233



	4 rooms
	69.789
	38.348
	0.119
	0.014
	0.245



	Bungalow
	97.571
	48.533
	0.105
	0.045
	0.253
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