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Abstract 5 

The domestic sector is responsible for approximately a third of total energy consumption in Vietnam. However, 6 

research on the details of energy consumption in this sector is relatively poor and there is a lack of data on actual 7 

energy use in households. This study attempts to fill the gap by providing an analysis of appliance penetration, usage 8 

behavior, and actual energy consumption of Vietnamese homes. Data were collected from a survey of 60 households 9 

in Tuy Hoa City on the South-Central Coast of Vietnam in 2017. The result shows that the average energy 10 

consumption was 4492 kWh per household per year, in which electricity and liquefied petroleum gas accounted for 11 

74.4% and 25.6% respectively. The breakdown of current energy consumption revealed that cooling was the primary 12 

consuming end-use with 31.9% of the total, followed by cooking gas with 25.6% and kitchen appliances with 18.5%. 13 

Energy consumption for typical households with various ownership levels of air conditioner were also predicted. The 14 

results of this study are therefore a valuable reference for policy makers, energy planners and Vietnamese 15 

households themselves to understand the existing energy consumption characteristics and identify potential ways to 16 

improve energy efficiency in dwellings.  17 
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1. Introduction 19 

Economic development of Vietnam in the past decade has been accompanied by an increase in energy 20 

consumption. Average annual growth in final energy consumption was 4.1% from 2006 to 2016 [1], in which 21 

electricity consumption increased significantly by 12% per annum [2]. From being an energy exporter, Vietnam has 22 

become a net energy importer since 2015. Currently in Vietnam, large hydropower sources have been fully 23 

exploited; nuclear power projects have been halted; and renewable energy, although having potential still accounts 24 

for only a small proportion of total power generation. To ensure energy security for sustainable socio-economic 25 

development in the future, expansion of coal power seems inevitable. Coal accounted for 35% of total primary 26 

energy supply in Vietnam in 2015 (Fig. 1) and is predicted to rise in the coming decades. This leads to concerns about 27 

greenhouse gas emission and environmental pollution. Besides, domestic coal is currently insufficient to supply the 28 

power plants and will be depleted in the next 70 years [1]. In this context, energy saving becomes a priority in all 29 

sectors of the economy, including the residential sector.  30 

Alongside the economic development, housing supply in Vietnam has improved remarkably. According to the 31 

National Census, which is conducted every ten years, the total area of housing has doubled, from 709 million m2 in 32 

1999 to 1415 million m2 in 2009. The number of dwellings increased from 16.6 million to 22 million in the same 33 

period. The average housing area per capita increased significantly from 7 m2 in 2009 to 16.7 m2 in 2009 and reached 34 

21.4 m2 in 2014 [3]. The rapid increase in both quantity and quality of dwellings along with the improvement of 35 

living standard has resulted in the increase in energy consumption in the residential sector. According to Vietnam 36 
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Electricity, a state-owned corporation, in 2016, the residential sector was responsible for 35% of total electricity 37 

consumption and 27% of total energy use. This proportion is comparable to the average energy use in the domestic 38 

sector in other countries. The energy demand for housing of Vietnam is projected to increase 3.1% per year in the 39 

period 2016-2035 [1]. It can be seen that the domestic sector significantly contributes to the total energy 40 

consumption of the country; therefore, energy efficiency policies for this sector are needed as a priority.  41 

In order to produce effective strategies, besides the concern for improving housing design, it is also necessary to 42 

understand better the energy usage in households including the ownership of electrical appliances and user behavior. 43 

The identification of the key factors contributing to energy consumption in households will be valuable in orienting 44 

appropriate energy efficiency solutions in terms of building design and energy policy making. 45 

 46 

Fig. 1. Share of Vietnamese primary energy supply and electricity supply in 2015. 47 

 48 

Fig. 2. Share of final energy consumption by sectors in 2015 (million TOE, %). 49 

Research on residential energy consumption has been carried out in many countries around the world in both 50 

national level and local scales. The Energy Information Administration of U.S. Department of Energy conducts the 51 

national Residential Energy Consumption Survey (RECS) every three years [4]. The National Energy Efficiency 52 

Data-framework (NEED) of the UK Government's Department for Energy and Climate Change, which is released 53 

every year, provides substantial data on building energy consumption including residential buildings [5]. Beyond the 54 

national scale, the European Statistical Office (Eurostat) has developed a consistent survey of household energy use 55 

across the EU. A manual and survey forms were produced in 2013 to make the data collection more homogeneous 56 

[6]. The surveys have been conducted in many European countries such as the UK, Germany, Spain, Austria, the 57 

Netherlands and so on. Eurostat has delivered the results both at national level and EU level.  58 

In Southeast Asia, apart from Singapore, national surveys of energy use in households have hardly ever been 59 

conducted at national level. However, there are a number of studies at city or regional scale with sample sizes 60 

ranging from 100 to 1000 households such as in Indonesia [7], Malaysia [8] and Thailand [9].  61 
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In Vietnam, data on household energy consumption are currently insufficient. Statistics from the Vietnam 62 

Electricity corporation or from international collaborative research such as the Vietnam energy outlook report in 63 

2017 only provided general data on energy consumption for all sectors of the economy [1,10]. The Vietnam 64 

Household Living Standards Survey (VHLSS) conducted by the General Statistics Office every two years only 65 

provides data on household appliance ownership without information on energy consumption [3]. Cimigo, an 66 

independent team of consumer and market research specialists, carried out a nationwide online survey of Vietnamese 67 

residential energy use across 59 provinces in 2013 with the participation of 1394 households. The result presented 68 

the appliance penetration and the household average energy consumption in three regions of the country; however, it 69 

did not address the household energy use in any detail [11]. Apart from these macro-level data sources, there is 70 

almost no available information on current detailed energy use of households at national scale.  71 

In 1992, in collaboration with Energy Sector Management Assistance Programme, the World Bank and the 72 

Ministry of Energy conducted a survey of energy use of 1600 households in four northern provinces of Vietnam [12]. 73 

Although the result provided detailed data on household energy consumption and its breakdown, they are now 74 

out-of-date and cannot reflect the existing energy use patterns. Currently, a Japanese researcher conducted a survey 75 

of household energy consumption in several countries in Southeast Asia included three Vietnamese cities, namely 76 

Hanoi, Ho Chi Minh and Hoa Binh, with the sample of 110 households per city [13]. Although that study could be a 77 

valuable reference, it does not represent the whole country because of its limitation in sample size and research 78 

locations. The determination of Vietnamese household electricity consumption still requires more examples of 79 

research to be carried out in conjunction with other data gathering. 80 

In short, it can be seen that there is an alarming shortage of macro-level data on specific energy consumption in 81 

Vietnamese domestic sector, whilst the individual studies are limited in both number and scale. In order to partially 82 

fill the gap of knowledge, this study carried out a survey with the following objectives: (1) to understand the 83 

characteristics of Vietnamese households, appliance penetration and actual energy consumption; (2) to investigate 84 

usage behavior and identify appliances that significantly affect household energy consumption. It focused on 85 

gathering detailed data from households in a medium scale city in the central part of the country. Conducting surveys 86 

at national level would have been a more ideal scenario however, this would require very substantial resources which 87 

are rarely available within the developing economies. Although the survey reported here was carried out in a specific 88 

urban area, Tuy Hoa city itself exhibits characteristics typical for other cities in Vietnam. The authors therefore 89 

believe these features make it a good representative option for study and the outcomes have value for the country as 90 

a whole. The authors further believe that in the absence of other contemporary and detailed information, that the 91 

research presented in the paper has value for both researchers and users.  92 

This study will supplement the currently insufficient data sources on household energy use in Vietnam with 93 

valuable information in terms of actual energy consumption, appliance ownership and usage behavior. The 94 

knowledge and understanding of the use of appliances will aid effort to improve not only energy efficiency in use but 95 

also allow a better understanding of the means to create comfort in buildings. Both within Vietnam and within many 96 

other countries of the region electrical power supply is limited and there are increasing demands arising from global 97 

warming and increasing use of appliances. The results of this study therefore outline the challenges and opportunities 98 

for architects and building-system engineers in designing energy-efficient dwellings. This study also contributes to 99 

raising household energy consumption awareness of occupants, and could help to adjust their usage behavior aiming 100 

towards energy conservation goals.  101 

2. Materials and methods  102 
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2.1. Survey method 103 

There are several statistical techniques that can be employed to collect data on household energy consumption, 104 

namely: energy business surveys; household surveys; use of data collected for administrative purposes; 105 

simulation/modelling studies; and in situ measurement. The Eurostat organisation has provided descriptive 106 

information on strengths and weaknesses of each of these methods in their manual produced in 2013. Among these 107 

methods, it was stated that in situ measurement can provide high-quality results with detailed information on energy 108 

consumption and the usage pattern of individual household appliances. In situ measurement was the technique used 109 

in some studies such as STAND-BY POWER (France, 1997-1999), the End-use Metering Programme (Sweden, 110 

2005-2008), the Household Electricity Survey (UK, 2010-2011), and REMODECE (12 European countries, 111 

2006-2008) [6]. However, the disadvantages of this method are the cost, the need for time-consuming data gathering, 112 

use of restrictive monitoring equipment, and difficulties in finding participants due to household privacy concerns. 113 

The most common method of energy consumption survey in the domestic sector is the household survey. This 114 

traditional method is now associating with the rapid expansion of the internet and has many strengths to be used more 115 

widely in studies across the global.  116 

Within the limitation of time and budget, in order to collect sufficient comprehensive information on appliance 117 

ownership and usage behavior in households, this study employed a questionnaire-based survey in both face-to-face 118 

interviews and email-based methods. Care was taken in devising the interview structure and questionnaires to elicit 119 

information about appliance use and energy in a form that could be analysed and linked to other surveys. The 120 

face-to-face interviews of household energy usage were conducted in combination with the in-situ measurements of 121 

housing environmental performance, while the email-based questionnaire method was used to reach a larger number 122 

of participants due to its convenience. In addition to household surveys, the administrative-data-use method was 123 

employed to collect the actual electricity consumption of the surveyed households. These monthly actual electricity 124 

consumptions were obtained from the online database of the Vietnam Electricity company via website 125 

https://cskh.cpc.vn, with the consent of the household owners. 126 

2.2. Subject selection and survey items 127 

It can be observed that urban households consume more energy than rural households which is associated with 128 

higher incomes and modern lifestyles and appliances [9]. Additionally, the proportion of people living in urban areas 129 

of developing countries in Southeast Asia such as Vietnam, has increased rapidly in recent years and is predicted to 130 

reach 60% by 2040 [2]. Urbanisation has become one of key factors affecting final energy consumption of residential 131 

sector; hence, research on urban household energy use is an essential requirement. In Vietnam, excluding the 5 132 

largest cities, there are 58 significant cities, which are the capitals of the remaining provinces. Thus, in addition to 133 

studies in large cities such as Hanoi or Ho Chi Minh City, energy consumption in the smaller cities should also be 134 

paid adequate attention. Therefore, the main household energy use survey reported here was conducted in Tuy Hoa, 135 

a city in the South-Central Coast of Vietnam. A comparison of key data with other areas is shown in Table 1 (source: 136 

Vietnam General Statistics Office); though Tuy Hoa is located in a modestly poor province, Phu Yen, the city itself is 137 

more prosperous than its rural hinterland and exhibits typical characteristics for other cities in Vietnam. The authors 138 

believe these features make it a good representative option for study.  139 

Table 1   140 

Comparison data for area, population and GDP. 141 

Location Area 

(km2) 

Population 2017 

(million) 

GDP/capita 2017  

(USD) 

https://cskh.cpc.vn/
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Vietnam (5 major cities and 58 provinces) 330957 95.54 2343 

Phu Yen Province 5060 0.899 1565 

Tuy Hoa City 107 0.202 n/a 

Ho Chi Minh City 2061 8.445 5500 

Hanoi City 3329 7.420 3900 

 142 

The questionnaire was designed with the questions covering household and dwelling characteristics; home 143 

appliance ownership; power rating; user behavior; and monthly energy bills. Table 2 indicates the types of 144 

information gathered. Seventy households in Tuy Hoa city were contacted to gain their participation in this survey in 145 

summer 2017. The households surveyed in this study were selected randomly regardless of circumstances in order to 146 

give a range of types and status and to provide the best basis for future comparisons and give validity for outcomes. 147 

As mentioned above, face-to-face interviews were carried out in 13 households; the remaining 57 households were 148 

asked to respond the questionnaire via email. Among them, 3 households did not respond, and 7 responses were 149 

insufficient. In total, there are 60 responses considered in the analysis.  150 

Table 2   151 

Questionnaire data categories. 152 

Questionnaire items Details of types of information gathered 

Household characteristics Number of household members, age 

Dwelling characteristics Building type, site area, construction area, main structure type, number of floors, number of 
bedrooms and other rooms 

Electricity consumption Monthly electricity consumption, electricity account information 

Other energy use Liquefied petroleum gas, kerosene, coal, biomass 

Home appliances Air conditioners, fans and other home appliances (number, power rating, frequency of use) 

Domestic hot water Electric water heater details, Solar water heater details 

Cooling usage pattern Typical time of use for air conditioners and fans each day 

2.3. Analysis of appliance energy consumption 153 

In order to understand appliances energy consumption in households, it is essential to determine the energy 154 

consumption breakdown. However, except for LPG, understanding the detailed electricity consumption of lighting 155 

and other appliances is challenging. On-site measurement could be the best solution, however that method is 156 

complex, expensive and requires much effort from both surveyors and participants [6]. Currently, there are some 157 

developments occurring in modern measurement systems, which claim to be able to monitor multiple appliances in a 158 

household. Instead of using monitors for individual appliances, only one monitor is connected to the main electricity 159 

lines of the house and can recognise every appliance via its unique frequency when operating. However, the accuracy 160 

of such modern equipment needs to be carefully verified before wide use in scientific research. Therefore, this study 161 

is based on more traditional survey methods to determine the energy consumption breakdown. 162 

Electricity consumption of each type of appliance was theoretically calculated by the following formula: 163 

Electricity consumption = power rating × working hours × number of items       (1) 164 

This method has been widely used in many studies [8,14–18]. The number of appliances and the frequency of 165 

use were the average values from the survey. Power ratings of appliances were selected from common products in 166 

the market in accordance with the actual power ratings of appliances in surveyed households. It is noted that the 167 

annual electricity consumption of a fridge is often introduced instead of the power rating. In order to determine the 168 

operational hours information was gathered from residents; this indicated variations according to the weather 169 

conditions with occupants using mechanical ventilation in the warm season and only using energy for hot water 170 
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provision in the cool season. Therefore, the corresponding numbers of using days of use per year of air conditioners, 171 

fans and water heater were assumed based on the climate condition and the discussion with the occupants. For less 172 

frequently used appliances such as washing machines, hair dryers or food blenders, the frequency of use was 173 

converted into a daily hours of use value for energy calculations. Apart from these appliances, others were assumed 174 

used every day and the specific values of appliance working hours are shown in the result section 3.3.2. 175 

3. Results 176 

The results of this study firstly describe the household characteristics and existing housing conditions of 177 

Vietnamese households. Secondly, the ownership rates of common home appliances and the frequency of use were 178 

represented. Thirdly, actual household energy consumption was analysed in detail. The actual electricity 179 

consumption was compared among households classified by the ownership level of air conditioners. The energy 180 

consumption breakdown was determined using a theoretical calculation method. This breakdown highlighted the 181 

dominant factors in terms of energy consumption in Vietnamese household. Finally, the predicted energy use of 182 

modern urban households owning different numbers of air conditioners is shown. In this results section, some data 183 

acquired from this study are compared with the available official statistics of Vietnam. A more comprehensive 184 

comparison will be mentioned in the discussion session. 185 

3.1. Household characteristics 186 

Analysis of data collected from the survey showed that households are scattered throughout the city, from 187 

existing urban areas to new residential areas. The majority of household owners work for the local authority, 188 

educational institutions or private companies. Some socio-economic groups were less well represented however, the 189 

collected data does represent well the middle-income group which is most significant in terms of changing energy 190 

consumption patterns in developing countries such as Vietnam. 191 

 192 

Fig. 3. Distribution of household characteristics. 193 

Fig. 3 shows the distributions of household size, number of storeys and floor area of the surveyed dwellings. 194 

The graph shows that there are average 4.3 people living in a household. This number is also the family size found in 195 

other studies [11,13], but slightly higher than the average national census statistic which was 3.7 [19]. Nuclear 196 

families with 2 adults and 2 children are the predominant type, accounting for 50% of total household, followed by 197 

extended families with 5 or 6 people consisting of householders, their children and their parents, at 30%. Households 198 

with one child account for 13.3% of the total. The proportion of households having less than 3 or more than 6 people 199 

is relatively low, at 6.7%.  200 
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Regarding housing characteristics, 97% of the surveyed households live in terraced houses, also called 201 

shop-houses or townhouses. These ‘tube-form’ dwellings are very popular in urban areas of Vietnam. This result is 202 

in line with the 2014 national population and housing census since individual houses (terraced houses and detached 203 

houses) were the choice of most households, of which villas were negligible at 0.1%, while apartments accounted for 204 

a small share of 1.4% [19]. It is noted that the apartment housing type does not yet exist in many cities in Vietnam 205 

such as in Tuy Hoa. Terraced houses are characterised by a narrow width of 4 to 6 metres and a long depth of 15 to 25 206 

metres, and the number of floors typically ranges from 2 to 5 storeys. The common materials of construction for 207 

existing terraced houses are concrete frames, brickwork infill for walls, and concrete flat or corrugated metal roofs 208 

(Fig. 4). In this survey, 3-storey houses are dominant, accounting for 57% of the total number of households, 209 

followed by 2-storey houses at 30%. The average floor area is 210 m2 (standard deviation of 61) which is higher than 210 

the 167 m2 value found in the Cimigo study. The average floor area per capita is 48 m2 which is double that of 2014 211 

national census statistic of 23 m2 in major urban areas. This could be explained by the significant differences of 212 

housing sizes and types among cities. The floor area of an apartment, ranging from 50 to 120 m2, is usually smaller 213 

than an individual house; and the average for an individual house in large cities tends to be smaller than that in small 214 

cities due to the higher density and higher cost. 215 

 216 

Fig. 4. Terraced houses in Vietnam. 217 

 218 

Fig. 5. Diversity of lighting systems in housing. 219 

3.2. Appliance ownership and usage behavior 220 

The ownership rates of main household appliances that are used in Vietnamese homes are listed in Fig. 6. It 221 

should be noted that the questionnaire on electric appliances did not involve lighting system due to its complications 222 

and potential confusions for respondents. Most urban houses in Vietnam are equipped with a large number of varying 223 
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types of light sources, not only to meet visual lighting needs but also for decorative purposes (Fig. 5). The 224 

frequencies of use normally vary between different types of lights. It was therefore deemed too complicated to obtain 225 

detailed electricity consumption patterns for lighting in a household by questionnaire. This difficulty is also 226 

mentioned by Eurostat [6]. 227 

As shown in Fig. 6, a rice cooker, fridge, fan, television and iron are indispensable in Vietnamese urban 228 

households; most households also have a washing machine (95%). Some other appliances are also relatively 229 

common with the ownership level from 77% to 83%, such as air conditioners, water heaters and kettles. Less than 230 

50% of households possess equipment such as microwaves, induction cookers, ovens or DVD player. According to 231 

the Vietnam household living standard survey conducted in 2014, ownership rates of major household appliances in 232 

urban areas were: 96% for a television, 81% for a fridge, 56% for a washing machine, 42% for a water heater and 233 

32% for an air conditioner [3]. Appliance ownership levels found in this study varied from the previous national 234 

study with most being higher; however, the national study represents both urban and rural areas and cities might be 235 

expected to have higher ownership of such appliances. The appliance ownerships in Hanoi and HCMC [13] are 236 

comparable to that of Tuy Hoa City and reflect typical appliance ownership of an urban household in Vietnam. For 237 

instance ownership of TVs is 100% in Tuy Hoa; 85% in Hanoi and 91% in HCMC, with fridge ownership at 100% in 238 

Tuy Hoa; in 99% Hanoi and 96% in HCMC.  239 

Meanwhile, Cimigo’s statistics from 2013 produced values somewhere between this study and the national 240 

survey results. For instance, ownership levels of washing machines, water heaters and air conditioners in Cimigo’s 241 

survey were 72%, 51% and 48% respectively [11]. These variations could be explained by the differences between 242 

the survey timing and the subjects of the surveys. 243 

Among household appliances, the use of air conditioners should be considered because of their potential high 244 

energy demand and also because air conditioner ownership can be an indicator of living standards. In this study, there 245 

are 49 houses using air conditioners, account for 82% of participating houses. This number reflects the fact that using 246 

air conditioners for cooling if available is a common solution for urban dwellings in the hot humid climate of 247 

Vietnam. There are 37% of households using one air conditioner; these were mostly located in master bedrooms. The 248 

same proportion (37%) is found for households owning two air conditioners while 8% of households use more than 249 

two air conditioners. The rest (18% of households) do not use air conditioners; this is unlikely to be due to a 250 

preference for natural ventilation but rather due to the high costs. This situation is also observed in rural or suburban 251 

areas of Vietnam where the majority of housing is free-running in terms of ventilation. 252 

It is noted that the rate of solar water heater possession is only 17% whilst that of electricity water heater is 253 

77%. This contrast reveals an inadequate attention to renewable energy in housing in Vietnam, a country with high 254 

solar radiation at most times of year. Despite the energy-saving benefits of a solar water heater, poor awareness of 255 

more sustainable lifestyles and high initial investment costs could be the main barriers to this system’s application. 256 
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 257 

Fig. 6. Appliance ownership of surveyed household. 258 

The ownership of appliances only partly shows the level of electricity use in a household. It is also important to 259 

understand the operating time/schedules of those appliances, however, data on household appliance usage time are 260 

absent from the statistics of both national surveys and other research in Vietnam. Participants of this study were 261 

therefore asked about the average daily usage time of appliances in their homes; the result is shown in Fig. 7. 262 

Alongside the incessant operation of fridges, fans and air conditioners are the second and the third appliances most 263 

frequently used, at 8.75 and 7.23 hours respectively per day. In addition to high levels of ownership, high numbers of 264 

operating hours of fans and air conditioners once again confirm the significant effect of cooling demand on 265 

household energy consumption.  266 

For entertainment, people usually watch television for an average 5.8 hours per day, whilst the use of DVD 267 

players and music system are negligible. People also use their laptops for 3.43 hours at home for recreation besides at 268 

work. Desktop computer working time is relatively high at 2.21 hours per day, but this appliance is absent in 269 

two-thirds of households. This is also the case for induction cookers. Some other appliances have low operating 270 

times at less than 2 hours per day, such as rice cookers, electric water heater, irons or kettles, but they are necessary 271 

for household functions and possibly consume significant electricity due to their high-power ratings. Microwave and 272 

other ovens are less used in Vietnamese households, possibly due to the cooking habits and culinary culture.  273 
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 274 

Fig. 7. The duration of appliance use (hour per day). 275 

 276 

Fig. 8. Daily using pattern of fans and air conditioners. 277 

Since cooling appliances including fans and air conditioners have high level of ownership and high frequency 278 

of use, it is necessary to investigate the usage patterns of these appliances. As shown in Fig. 8, people usually use 279 

cooling appliances at noon and in the evening. This is in line with the occupied time of houses. It is interesting to note 280 

that in small cities like Tuy Hoa, with early start for working time, people have enough time to go home at noon to 281 

prepare/cook lunch and even taking a nap before the afternoon shift. This explains the high cooling demand at around 282 

noon, a feature which usually does not exist in the largest cities. The operation of fans is more frequent than air 283 

conditioners: 60% of households turn on the fans when they are at home while air conditioners are used more 284 

reservedly. Most people only operate air conditioners when they sleep, especially at nighttime. Around 60% of 285 

households use air conditioners at noon time, from 12 to 1pm. This proportion reaches a peak of 87% at 10pm. 286 

Subsequently, there is evidence of some household turning off the air conditioners at 2am while 55% of households 287 

keep the air conditioners operating until 5am. It is noted that when air conditioners are used in certain rooms, fans 288 

could be simultaneously used in other occupied spaces. 289 

3.3. Actual energy consumption 290 

3.3.1. Electricity consumption 291 
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The monthly actual electricity consumptions of surveyed households in 2017 were obtained from the online 292 

database of Vietnam Electricity company via website https://cskh.cpc.vn; this was achieved with the consent of the 293 

house owners. Fig. 9 shows the distribution of total electricity consumption of the surveyed households in 2017. The 294 

average electricity consumption was 3340 kWh (standard deviation = 1423), which cost 6.54 million Vietnam dong, 295 

approximately GB£ 221 or US$ 280. 67% of the households consumed between 2000 to 4000 kWh of electricity a 296 

year. Only 10% of households consumed less than 2000 kWh and households consuming more than 4000 kWh 297 

accounted for 23% of the total. Average annually electricity consumption per capita was 771 kWh.  298 

A glance at Fig. 10 shows that monthly electricity consumptions during the hot period from May to September, 299 

were significantly higher than those in the cool period, from November to February. This is due to the increased 300 

cooling demand in summer. It is interesting to see that the trend line of electricity use in 2017 is in line with that of 301 

monthly temperatures in the year. The peak of consumption is in June, at 348 kWh, when the average temperature 302 

reaches the highest at 30°C. The lowest electricity consumption is found in February, at 206 kWh, when the average 303 

outdoor temperature falls to 24°C. 304 

 305 

Fig. 9. Distribution of 2017 electricity use. 306 

 307 

Fig. 10. Monthly electricity use and average temperature. 308 

The average electricity consumption of natural-ventilated (NV) houses is 2276 kWh/year which is two-thirds of 309 

the air-conditioned (AC) houses’ average (3578 kWh/year). As can be seen in Fig. 11, the monthly electricity 310 

consumption of NV houses is relatively stable, while that of AC houses shows a contrary picture. In hot months from 311 

May to October, AC houses consumed roughly double the electricity NV houses used. Meanwhile, the difference in 312 

https://cskh.cpc.vn/
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cool season is much less. Hence, it can be said that air conditioners have responsibility for a large amount of 313 

electricity consumption in households. 314 

It is apparent from Fig. 12 that on average, the more air conditioners the households have, the more electricity 315 

they consume. However, the electricity consumptions among households owning the same number of air 316 

conditioners are variable, though the difference among NV houses (standard deviation = 565 kWh/year) is much less 317 

than that of AC houses (standard deviation = 1499 kWh/year). This could be explained by the high electrical load 318 

capacity of air conditioners and the different usage among households in terms of the frequency of use and 319 

temperature settings. 320 

 321 

Fig. 11. Monthly electricity consumption of households with air conditioners (AC) and non-AC. 322 

 323 

Fig. 12. Distribution of electricity consumption by household types. 324 

3.3.2. Energy consumption breakdown 325 

In urban areas of Vietnam, while electricity is the main source of energy for most appliances in households, 326 

liquefied petroleum gas (LPG) is the dominant energy for cooking. In rural areas, people still use biomass fuels, 327 

mainly as firewood and charcoal, however, this option is reducing because of impacts of urbanisation. There are 328 

some households in cities using charcoal or kerosene, but the amount is negligible. therefore, energy consumption in 329 

an urban household could be estimated from the sum of electricity and LPG consumption. In Vietnam, LPG is 330 

primarily supplied for households in the form of 12kg cylinders. In this survey on LPG consumption, on average, a 331 

household in Vietnam replaces the LPG cylinder every 1.7 months; this is equivalent to a consumption of 1152 kWh 332 
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per year. Thus, including 3340 kWh of electricity use, a household typically consumed 4492 kWh of energy 333 

annually, equivalent to 16.2 GJ. Electricity and LPG consumption accounted for 74.4% and 25.6% of total energy 334 

use respectively. Annual energy consumption per capita was 1037 kWh while energy consumption on a floor area 335 

basis was 24.5 kWh/m2.  336 

In order to determine the energy consumption breakdown, the method and formula (1) mentioned in section 2.3 337 

was employed. According to Tuy Hoa city’s weather, warm season is from April to October when the local residents 338 

often use mechanical ventilations for achieving thermal comfort. This period of use was confirmed by one of the 339 

authors in discussion with the occupants. Therefore, it is assumed that housing occupants use fans for cooling for 210 340 

days per year. The same period of use was also proposed in another study in Vietnam [20]. It is generally thought that 341 

people tend to use air conditioners more reservedly because of their high electricity consumption and cost. Air 342 

conditioners are usually used in hot summer, from May to September, when fan use cannot satisfy the thermal 343 

comfort. It is therefore reasonable to assume that people use air conditioners for the 150 days per year which satisfy 344 

this condition. Also, hot water is only needed for 90 days per year (in the cool season from December to February 345 

when the daily average of outdoor temperature falls below 25°C). The demand of hot water is absent in the rest of the 346 

year. As mentioned above, lighting systems were not surveyed in this study due to their complexity of type, number 347 

and methods of control/switching. In order to estimate the electricity consumption for lighting, data were proposed 348 

based on the calculated normal lighting demand of an existing typical three-bedroom house in Vietnam and made use 349 

of information on use provided by householders. The calculations produce outcomes in line with other cities in the 350 

region: for instance, the lighting electrical energy fraction for Tuy Hoa is 10.9% compared well with Hong Kong at 351 

10.4%; and lighting energy as a percentage of all energy use for Tuy Hoa of 8.2% compares with Johor Bahru, 352 

Malaysia at 8% and Jakarta, Indonesia at 9%. Calculated average electricity consumption for a range of appliances is 353 

shown in Table 3. 354 

Table 3   355 

Theoretical calculation of average electricity consumption in a household. 356 

Type of 

end-use 
Appliances 

Power 

Rating 

(W) 

Frequency    

of use 

(h/day) 

Days 

of 

use 

Electricity 

use/item/year 

(kWh) 

Average 

number 

(surveyed) 

 Electricity 

use/year 

(kWh) 

% of 

electricity 

use 

Cooling 

Air conditioner  960 7.23 150 1041.1 1.38 1436.7 

42.8% Wall & stand fan  55 8.75 210 101.1 4 404.3 

Ceiling fan  75 4.64 210 73.1 1.22 89.2 

Kitchen 
appliances 

Rice cooker 600 1.85 365 405.2 1.07 433.5 

24.8% 

Fridge - 24 365 365.0 1.1 401.5 

Kettle 700 0.67 365 171.2 0.9 154.1 

Oven 1500 0.23 365 125.9 0.38 47.9 

Microwave 1000 0.28 365 102.2 0.4 40.9 

Range hood 240 0.8 365 70.1 0.37 25.9 

Blender 400 0.13 365 19.0 0.82 15.6 

Laundry 
Iron 1200 0.34 365 148.9 1.1 163.8 

6.7% 
Washing machine 500 0.75 365 136.9 1 136.9 

Television Television  50 5.8 365 105.9 1.8 190.5 4.2% 

Water heater Electric water heater  3500 0.74 90 233.1 1.1 256.4 5.7% 

Other 

Desk computer 200 2.21 365 161.3 0.38 61.3 

4.8% 

Laptop  50 3.43 365 62.6 1.07 67.0 

Hair drier 1500 0.15 365 82.1 0.8 65.7 

Speaker 150 0.67 365 36.7 0.58 21.3 

DVD 30 0.58 365 6.4 0.45 2.9 

Lighting 

Fluorescent light 36 5 365 65.7 5 328.5 

10.9% Compact light 5 5 365 9.1 10 91.3 

Decorative light 100 1 365 36.5 2 73.0 

  Yearly electricity consumption 4508 100% 
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 357 

The surveyed actual average electricity consumption of households (3340 kWh) is 74.1% of the 358 

theoretically-calculated electricity consumption (4508 kWh). This difference could be explained by the fact that in 359 

reality people usually do not operate appliances at full capacity. This result is also in line with two studies in India 360 

where the authors applied a scaling factor of 0.75 when they estimated electricity consumption of appliances [21,22]. 361 

Thus, in order to estimate the electricity consumption breakdown of the actual total use of 3340 kWh, this study 362 

assumed that occupants normally operate the appliances at 75% of full capacity. The formula (1) was adapted to: 363 

Electricity consumption = power rating × working hours × number of items × 0.75     (2)  364 

The electricity consumption of every appliance was recalculated by formula (2) and shown in descending order 365 

of value per annum in Fig. 13. Air conditioners consumed the largest amount of electricity at 1078 kWh, accounting 366 

for 32% of the total 3340 kWh, followed by rice cookers, fans and fridges respectively at 325, 303 and 301 kWh.  367 

Taking into account cooking gas, Fig. 14 shows the breakdown of total energy consumption in households. In 368 

general, electricity for cooling is responsible for 31.9% of overall energy consumption, followed by cooking gas with 369 

25.4%. Kitchen appliances, including fridge, rice cooker and kettle, are the third contributor with 18.5%. Lighting 370 

accounts for 8.2% while the shares of water heater and television are less than 5%. The above numbers reveal that the 371 

most effective solutions for energy saving in households are associated with cooling and with cooking; therefore, the 372 

reduction of energy used to meet cooling demands, particularly in air conditioner usage, is of great significance. 373 

 374 

Fig. 13. Yearly electricity consumption of appliances 375 
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 376 

Fig. 14. Energy consumption breakdown in households 377 

3.4 Predicted energy consumption of households with different air conditioner ownership 378 

In the context of economic development, rising incomes and urbanisation are key factors affecting energy 379 

consumption in the domestic sector through the increase of household appliances and the change of usage behavior 380 

[2,7]. Of particular importance that is worth noting that the use of air conditioners, which constitute the single most 381 

important influence on energy consumption, has been increasing rapidly. According to the Japanese Refrigeration 382 

and Air Conditioning Industry Association [23], the global market increased 2.5% between 2011 and 2016, but this 383 

rate was much higher at 34.4% in Asia. In Vietnam sales rose from 0.66 million cooling units in 2011 (ranking 8th in 384 

Asia) to 1.98 million units in 2016 (ranking 3rd), with only India and Indonesia expanding by a greater number. 385 

Rising wealth in Vietnam, especially the growth of middle-class households, has helped expand the air conditioner 386 

market and the demand is increasing most rapidly among first-time buyers. Therefore, energy consumption 387 

associated with the use of air conditioners needs to be examined both in detail and with some speed in order to afford 388 

opportunities to optimise efficiency and use. 389 

In order to provide an estimation for energy consumption of typical modern households in Tuy Hoa city, this 390 

study employed the same method used for appliance energy calculations (see formula (2)) and it was assumed that a 391 

modern household owns all common appliances mentioned in the survey. Fig. 15 shows energy consumption 392 

patterns for three typical household types owning one, two and three air conditioners respectively; tabulated forms of 393 

energy consumption are shown in Table 4. It can be seen that energy consumption is predicted to increase by around 394 

20% for each extra air conditioner in the households up to a value of 3. The proportion of energy use for cooling rises 395 

significantly from 26% to 37% and to 45% in households with one, two and three air conditioners respectively. It can 396 

be seen that in a dwelling equipped sufficiently with household appliances, whilst other end-use energy consumption 397 

usually maintains stability, cooling consumption could vary significantly due to the number of air conditioners used.  398 

In the context of rapid urbanisation and economic development in Vietnam, this estimation of energy use in 399 

modern households can be valuable for policy makers and energy suppliers. Based on this result, energy suppliers 400 

can predict the increase of energy consumption in domestic sector in future in order to ensure the corresponding 401 

supply of energy. Meanwhile, policy makers can recognise the dominant factors affecting household energy 402 

consumption so that appropriate policies would be enacted aiming to energy conservation in the domestic sector. 403 

Table 4.   404 

Energy consumption of households having different numbers of air conditioners. 405 

  Energy consumption (kWh/year) 
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Type of end-use 1 AC house 2 ACs house 3 ACs house 

Cooling 1139 1920 2701 

Cooking gas 1152 1152 1152 

Kitchen appliances 944 944 944 

Laundry 214 214 214 

Television 159 159 159 

Other 262 262 262 

Water heater 175 175 175 

Lighting 370 370 370 

Total 4414 5195 5976 

    406 

 407 

Fig. 15. Predicted energy consumption of households with various air conditioner ownerships         408 

4. Discussion 409 

4.1. Comparison with energy consumption from previous studies and from other countries 410 

Regarding electricity consumption, surveyed households in Tuy Hoa city consume on average 3340 kWh per 411 

year. This result is similar to the consumption (3356 kWh) of current urban households in India [22]. In comparison 412 

with other studies in Vietnam, this result is slightly lower than that of the Cimigo survey (3722 kWh) and also lower 413 

than the published consumption levels of households in Ho Chi Minh city and the capital Hanoi, which are 4473 and 414 

4694 kWh respectively [13]. These are the two largest cities of Vietnam with much economic development and high 415 

living standards, which could help explain the differences of household electricity consumptions between them and 416 

Tuy Hoa. In case income was a factor affecting energy use, the authors compared monthly income per capita for 417 

those different areas of Vietnam can derived from the National Statistics Office report of 2016. Phu Yen province 418 

had the average income of 2.358 million VND (US$ 129); Ho Chi Minh City 5.109 million VND (US$ 219); and 419 

Hanoi City 4.875 million VND (US$ 209). Although Phu Yen Province in which Tuy Hoa is located has a lower 420 

value this represents an average taken across urban and rural areas. The climate is also significantly different in each 421 

location also affecting demand. 422 

It is noted that some of the above data of electricity consumption were acquired from urban households which 423 

could be much higher than the values representing the whole country. Thus, in order to compare to other countries in 424 

the world, the average electricity use of a household in Vietnam was needed for use in further analysis. Because this 425 

information is not readily available, it has been estimated by dividing the total residential electricity consumption of 426 
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45703 GWh (obtained from International Energy Agency (IEA)) by the total of 24 million of households in Vietnam 427 

(2014).  428 

Fig. 16 shows the average household electricity consumptions of countries and regions in the world; data were 429 

adapted from World Energy Council via website wec-indicators.enerdata.net [24]. It can be seen from the graph that 430 

the Vietnamese household electricity consumption approximately equals the Asia average and is half the EU figure. 431 

In comparison with other Asian countries, the Vietnamese average is double that of Philippines and almost equal to 432 

that of Indonesia but 400kWh less than that of Thailand. In Southeast Asia, Singapore households consume a 433 

considerable amount of electricity; this is due to the prosperous economy and high urbanisation of this small island. 434 

The Middle East and America are areas consuming high levels of electricity; however, the comparison of electricity 435 

use among countries with different climate zones could lead to less confidence in the results because there are many 436 

factors driving electricity consumption in households. These could be, for instance, the house size, the severity of the 437 

climate, and the types of energy used for cooking, heating or cooling.  438 

Fig. 17 shows the comparison between several cities and countries in terms of household energy consumption 439 

by types of end use. The data were synthesised from various sources and studies [4,7,8,25,26]. Data on lighting and 440 

water heater consumption of Ho Chi Minh city were not available, they were therefore combined into other end-use 441 

categories. It is easy to recognise from the chart the significant difference between Asian countries and Western 442 

countries both in total energy use and the usage patterns. Space heating is the dominant end use of households in 443 

temperate countries while space cooling accounts for a large proportion of the total energy use in warm countries’ 444 

households. The share of energy for cooling demand is approximately 30% in Tuy Hoa, Johor Bahru and Singapore 445 

and is slightly lower in Jakarta (22%) and Ho Chi Minh city (20%). Cooking is the second energy-consuming 446 

category in Asian households accounting for 34% in Jakarta, 27% in Johor Bahru and 25.4% in Tuy Hoa. In general, 447 

total energy consumption in Tuy Hoa’s household is less than that of bigger cities in Southeast Asia. However, there 448 

is a similarity between energy usage patterns of households in Tuy Hoa city and other cities in the same climate zone, 449 

especially with Johor Bahru in Malaysia. 450 

 451 

Fig. 16. Average household electricity consumption of countries in 2014  452 

 453 
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 454 

Fig. 17. Average household energy consumption by end-use types 455 

4.2. Challenges and recommendations for energy conservation in Vietnamese households 456 

Economic development and rapid urbanisation in Vietnam have led to the improvement of living standards. 457 

Accordingly, the demand for electrical appliances has increased in terms of both quantity and range of types. Also, 458 

cooling demand for ensuring indoor thermal comfort has been much emphasised; according to an IEA report, the air 459 

conditioner market is rapidly expanded in Southeast Asia countries and in Vietnam, it has tripled between 2012 and 460 

2017 [2]. These trends lead to an increase of energy consumption in residential sector. 461 

The Government of Vietnam has made efforts to conserve energy during the last decade. The Energy Efficiency 462 

and Conservation Law came into effect in January 2011, followed by many decrees and circulars being promulgated. 463 

Some energy saving programmes have been implemented to promote the production and import of energy saving 464 

equipment and energy saving technologies. The energy efficiency support fund was also set up to support these 465 

programmes. The Energy efficiency appliance labelling programme, (a programme which is part of the Vietnam 466 

Energy Efficiency Programme (VNEEP) implemented from 2006), has so far achieved positive results. For instance, 467 

90% of air conditioners and fridges have been labeled and the annual consumption of incandescent bulbs 468 

significantly decreased from 55 million bulbs in 2011 to 5 million bulbs in 2015 [27]. However, it can be seen that 469 

energy efficiency policies have mainly focused on industrial and commercial sector whilst the residential sector has 470 

not been paid adequate attention. 471 

The integration of renewable energy sources such as solar hot water or photovoltaic systems in households is 472 

still limited, with particularly low uptake of photovoltaic systems, although Vietnam has a high potential for use of 473 

solar systems. This could be explained by the high cost and partly by poor awareness about renewable energy of 474 

householders and even building designers. 475 

Poor building thermal performance is another challenge to energy conservation effort. The prevailing materials 476 

of existing housing are concrete frame, brick wall with plaster, single-glazed windows, concrete flat or corrugated 477 

metal roofs, all without use of insulation material. These materials have high thermal conductivity while the U values 478 

(W/m2K) are 3.21 for concrete flat roof, 2.86 for 110mm wall and 5.59 for window. These values are much higher 479 

than National Technical Regulation on Energy Efficiency Buildings (QCVN 09:2013) which requires U value of 1.8 480 

W/m2K for external walls and 1.0 W/m2K for flat roofs. Thus, much energy is used for cooling demand which was 481 

shown in this study. It is noted that QCVN 09:2013 is only applied to buildings over 2000 m2 of floor area. There is 482 

no mandatory building efficiency code for dwellings so far. 483 

In addition to the concern of the high cooling demand, energy use in cooking and kitchen appliances should be 484 

paid adequate attention since they accounted for total 43.9% of the energy use in current households. Because these 485 

end uses are essential, the reduction of energy use in kitchen is a difficult challenge. Improving energy efficiency of 486 
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gas stoves and kitchen appliances could be an effective solution besides raising awareness of the energy use in 487 

kitchen. 488 

Aiming to energy conservation objective, some recommendations for housing are proposed as follows: 489 

 Continue to promote the use of high energy efficient appliances and LED lights. 490 

 Promote the use of solar hot water system and encourage using photovoltaic system if possible. 491 

 Improve housing energy performance both in materials and design to reduce cooling demand. 492 

 Research and establish national codes on energy efficiency for residential buildings. 493 

 Raising awareness of householders and housing designers in terms of actual energy consumption and energy 494 

saving solutions along with their profits. 495 

4.3. Limitations and further research 496 

This study has contributed substantial additional information to the currently insufficient knowledge of 497 

household energy use in Vietnam in terms of actual energy consumption, appliance ownership and usage behavior. 498 

However, due to the constraints of budget and time, this survey was carried out with a relatively small number of 499 

samples in a single city, albeit a typical medium scale city. Many households participating in this survey belonged to 500 

the middle-income group, therefore, applying this result to all Vietnamese homes must be done with care. This result 501 

could be validated by larger surveys or national-scale surveys in the future. 502 

There are a number of sources of potential errors in the analysis: the sample size was modest though chosen 503 

with care to be representative; though many data were obtained some calculation based on studies elsewhere were 504 

utilised to compute final values; and at this stage of the research it has not been possible to compare directly with 505 

other studies. 506 

Decomposition analysis to calculate energy consumption breakdown for individual end uses has been applied 507 

in other studies and has provided relatively reliable results [8,14–18]. However, this method often has most value 508 

when determining key influencing factors from time-series data, which are not yet available for the focus of this 509 

study. A further concern is the reliability of information provided by the householders, for instance they might 510 

overestimate or underestimate the frequency of use of appliances. Care was therefore taken in this study to eliminate 511 

responses from the analyses which were inappropriate or which raised concerns such as data so extreme as to be 512 

unreliable; in total seven responses were rejected. The electricity consumption of a certain appliances is also known 513 

to vary between different power modes. Although these limitations were partly overcome by choosing the 514 

appropriate number of operation days or applying a scaling factor of 0.75, the accuracy of these results ought now to 515 

be validated by using in situ measurement methods to provide more precise data in further studies. However, due to 516 

the limitations of in situ measurement methods discussed previously, the questionnaire-based survey, which has been 517 

widely used in many research projects on household energy consumption throughout the world, was preferred here. 518 

Although there are still some limitations, the results of this study could be a valuable reference, especially in the 519 

context of lacking seriously information on household energy consumption in Vietnam. This study reported new 520 

empirical data for the use of household equipment and energy consumption in Vietnamese dwellings thus helping to 521 

fill a gap in knowledge. In addition, a breakdown of energy use according to appliances was estimated that helps to 522 

understand the details of energy use and the dominant energy-using factors in households. This study places valuable 523 

information in the public domain that could be used for analyses of advanced energy efficient building design and for 524 

associated future regulations. Despite some limitations, this study provides valuable knowledge of the survey 525 

framework, analysis methods, and outcomes that should be of interest for further comparison, and support for other 526 

research such as using simulation models. 527 
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5. Conclusions 528 

This study conducted a survey of household energy consumption in Vietnam in 2017. An analysis of the data 529 

collected provided comprehensive information on household characteristics, housing types, appliance ownership, 530 

usage behavior and energy consumption. The main results are as follows: 531 

(1) The average household size is 4.3 people/household. 50% of households is nuclear family with 2 adult and 2 532 

children. 97% households live in terraced houses. Average floor area is 209 m2 per household (std. deviation = 533 

61), which means 48 m2 per capita. Average household appliance ownership and daily usage time were 534 

calculated. 82% of households own air conditioners and they averagely operate 7.23h per day mostly when they 535 

sleep at night and noon time. 536 

(2) Average energy consumption is 4492 kWh/household/year in which electricity and LPG account for 74.4% and 537 

25.6% respectively. Energy consumption breakdown was figured out by using a theoretical calculation method. 538 

Cooling demand accounted for 31.9% with 23.7% belong to air conditioner use. Cooking gas accounted for 539 

24.5% followed by kitchen appliances of 18.5%. 540 

(3) Compared to household energy consumption of other cities and countries, Tuy Hoa’s households consumed 541 

less energy than households in bigger cities in Vietnam and in Southeast Asia. This could be explained by the 542 

difference of income which is a key factor strongly affecting energy consumption in households. However, 543 

there is a similarity between energy usage patterns of households in Tuy Hoa and other cities in the same 544 

climate zone. 545 

(4) Cooling demand reduction is the solution with most potential for energy saving in Vietnamese urban 546 

households. In addition to the improvement of appliances’ energy efficiency, this objective could be achieved 547 

by improving poor energy performance of existing housing through passive design techniques. 548 
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