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Abstract

The actual state of electricity consumption characteristics in the residential sector in Thailand was presented. They were
an essential information for the total energy usage estimation. They were used for investigating the feasibility of energy
conservation. A questionnaire interview survey of 7,192 households for 41 kinds of appliances usage was conducted covering
the whole part of Thailand in 2018. The characteristics of household electricity consumption was identified for both rural and
urban areas. The whole country electricity consumption was estimated from the survey results extrapolation. The energy model,
used in extrapolation, implies the majority of household electricity consumption in the area level. The result shows that overall
electricity consumption in the household was 35,624.37 GWh in the year 2018. It comprised of air conditioner (26.50 %),
refrigerator (19.33 %), light bulb indoor (14.93 %), rice cooker (6.82 %), television (6.10 %), fan (5.75 %), Electric bottle
(3.35 %), light bulb outdoor (3.30 %), automatic pump (2.61 %), water heater (1.86 %), computer (1.67%), iron (1.55%), and
other appliances (6.23 %). Around 13.97 % of electricity consumption, i.e. 4,975.89 GWh or 2.39 MtCO2, could be reduced
by means of replacement with higher efficiency appliances.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the scientific committee of the 6th International Conference on Power and Energy Systems Engineering (CPESE
2019).
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1. Introduction

The residential sector consumed the electricity about 23.01% of total electricity consumption of Thailand in 2017
[1]. It increases continuously due to a growing of economic. The growth rate of electricity demand was 5.20% per
year increased from 32,799.46 GWh in 2011 to 44,373.96 GWh in 2017 [2]. It was reasonable when compared to
10.00% per year for China [3] and 6.70% per year for Indonesia [4].
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The monitoring of residential sector energy consumption is thus important for Thailand. A survey of household
energy consumption is conducted regularly to update the actual state of electricity consumption and to assess the
trend of electricity demand. It examines the electricity consumption characteristics to assess the electricity saving
potential in residential sector.

2. Methodology

2.1. Data collection

Thailand has a land area of 513,115 sq km. It is covering 77 provinces. As official statistics registration system
conducted by Department of Provincial Administration (DOPA) in 2018, the number of households in Thailand
was 25.23 million in which 42.20% and 57.80% of households were in urban and rural areas, respectively [5].
Since an energy conservation scheme in the household sector needs the detailed data of electricity consumption
characteristics, a survey was conducted to collect the data on characteristics of household electricity consumption.
The details of the survey method were described below.

2.2. Selection of survey sites and the sample size

The method of stratified random sampling was used following [6]. All data samples were classified into five
stages with two stratums as shown in Table 1.

Table 1. Stratified random sampling by five stages.

Stage Detail

1st stage Urban and rural area
2nd stage Regions with high and low levels of ratio household
3rd stage Provinces with high and low levels of ratio household
4th stage Districts with high and low levels of ratio household
5th stage Local area with high and low levels of ratio household

All members of population in each stratum were categorized into a homogeneous group based on their similar
characteristics defined by the purpose of samplings. The sample units were selected randomly with the proportional
allocation in each stratum. Sample size was determined by type of variables to measured, error estimation and
estimation of variance. Two factors for error estimation were 5% level of precision and 95% level of confidence.
The sampling size for discrete random variables can be represented by [7].

n =

Z2
1−

α
2

·

(∑L
h=1 Wh (PhQh)

)
e2 (1)

where is a standard normalized value which corresponds to the selected confidence level, is a weight of stratum h,
is a proportion of interested outcome in stratum h and, e is specified level of precision of the estimated true mean
value which is normally specified as a percentage of the true mean of a population.

In this study, the sample size was 7190 households, by the proportion of gas consumption for cooking in urban
and rural areas was estimated to be 0.72 and 0.58 [8]. The household sample were proportionally allocated into
both stratums in each stage as shown in Table 2.

3. Attribution of questionnaire and survey

The questionnaire was designed following [6] which covers household characteristics, dwelling characteristics,
and energy consumption in electricity appliances. The survey was conducted by interviewing 7190 respondents
between December 2017 and May 2018. None of questionnaires was rejected.
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Table 2. Sampling frame in this study by area of Thailand.

Stratum area Wh Samples Stratum region W′′

h Samples

Urban 0.4517 3308

Bangkok 0.3163 1154
Central 0.1414 452
North 0.1018 321
Northeast 0.0838 241
West 0.1205 380
South 0.1110 360
East 0.1252 400

Rural 0.5483 3882

Central 0.1441 554
North 0.1767 679
Northeast 0.1915 772
West 0.1613 618
South 0.1691 649
East 0.1574 610

3.1. Estimation electricity consumption

An annual electricity consumption for each appliance (E) (e.g. lighting, cooking, entertainment, and other
purposes) was estimated based on input power and average usage period per unit as [9].

E =

n∑
i=1

Pi · Ni · Ui · Fi (2)

where Pi is a rated power of appliance (kW), Ni is a number of appliances (unit), Ui is a length of time in using
an appliance (h/year), Fi is a factor of appliance.

Load factor, seasonal factor, and utilization factor were used to improve the accuracy of prediction according to
usage behavior such as air conditioner, fan, refrigerator, water heater and washing machine.

3.2. Load factor

The load factor refers to a ratio of the actual power consumption to a nominal rated power consumption of an
appliance due to the on/off cycle behavior of operations. It was used to estimate the actual electricity consumption
for air conditioner, fan, refrigerator, water heater, and washing machine in which the actual power consumptions
are less than its rated power consumption due to the on/off cycle operations. The load factors for air conditioner,
fan, refrigerator, water heater, and washing machine were assumed to be 0.75, 0.70, 0.45, 0.60 and 0.55 [9].

3.3. Seasonal factor

The seasonal factor refers to a ratio of the actual power consumption to a nominal rated power consumption of
an appliance due to non-usage in particular season. It was used to estimate the actual electricity consumption for
water heaters and air conditioners because they are inactive during winter and summer. The seasonal factors were
average value from survey to be 0.83 for air conditioners and water heaters.

3.4. Utilization factor

The utilization factor refers to a ratio of the actual power consumption to a nominal rated power consumption of
an appliance due to hanging out, business trip, and weekend excursion. It was used to estimate the actual electricity
consumption for all appliances and average value from survey was 0.70 for all appliances.
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4. Results

4.1. Household characteristics

Thailand has 25.23 million households with the average size of 3.64 persons per household. The average size
increased from the previous census round in the year 2010 in which the average size was 3.00 persons per household
[8] as shown in Table 3.

Table 3. Number, size, income and expenditure of household characteristics by area.

Household characteristics Total Area

Urban Rural

Number of households 25,233,077 10,648,358 14,584,719
Average size of household 3.64 3.48 3.69
Average income 21,794 29,041 20,705
Average expenditure 17,524 19,969 14,804

When compare with the northern region data from [6], it was found that average size of households was the
same between the whole country and the northern region of Thailand as shown in Table 4.

Table 4. Comparison of household characteristics between the whole country and the northern
region of Thailand.

Characteristics The whole country The northern region

Survey area Northern region Whole Kingdom
Number of provinces 17 77
Number of households 4,467,077 25,233,077
Average size (persons/household) 3.64 3.64

4.2. Dwelling characteristics

Almost 80% of households in Thailand are detached houses (45.90%) and town house duplex and townhome
(33.76%). The rest of them are row house (19.72%) and condominium apartment and flat (0.62%). Urban area
has detached house more than rural area by 18.85%. While rural area has row house, and town house duplex and
townhome more than urban area by 5.40 and 13.52%, respectively. Condominium apartment and flat are almost the
same in urban and rural areas. Most of construction material dwelling were cement or brick 45.90%, followed by
33.76% brick and wood, 19.72% wood, and 0.62% non-permanent material as shown in Table 5.

Table 5. Number and percentage of dwelling characteristics by area.

Dwelling characteristics Total Area

Number Percent Urban Rural

Type of living quarters 25,233,077 100.00 100.00 100.00
Detached house 11,581,982 45.90 56.80 37.95
Town house, duplex, townhome 8,518,687 33.76 25.94 39.46
Row house 4,975,963 19.72 16.60 22.00
Condominium, apartment, flat 156,445 0.62 0.66 0.59

Construction material 25,233,077 100.00 100.00 100.00
Cement or brick 11,581,982 45.90 56.80 37.95
Brick and wood 8,518,687 33.76 25.94 39.46
Wood 4,975,963 19.72 16.60 22.00
Non-permanent 156,445 0.62 0.66 0.59
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When compare with the northern region data from [6], it was found that most of dwelling characteristics for
the whole country were town house, duple, townhome instead of detached house in northern region as shown in
Table 6.

Table 6. Comparison of dwelling characteristics between the whole country and the northern region
of Thailand.

Characteristics The whole country The northern region

Detached house (%) 93.67 45.90
Town house, duplex, townhome (%) 1.89 33.76
Row house (%) 3.35 19.72
Condominium, apartment, flat (%) 1.09 0.62

4.3. Electricity consumption

By extrapolating 7190 survey results, it was found that electricity consumption in Thailand was 35,624.37 GWh.
It was lower than 45,205 GWh measured by PEA and MEA in which small and medium enterprises were included
[10]. It was investigated that 41 appliances consumed energy substantially (higher than 1% of total electricity
consumption) which are air conditioner, refrigerator, light bulb indoor, rice cooker, television, fan, electric bottle,
light bulb outdoor, automatic pump, water heater, computer, iron and other appliances. They consumed energy
944.34 GWh, 6884.96 GWh, 5319.41 GWh, 2430.10 GWh, 2172. GWh, 2050.16 GWh, 1193.01 GWh, 1174.12
GWh, 930.04 GWh, 663.68 GWh, 595.41 GWh, 552.24 GWh and 2218.81 GWh; respectively, as shown in Table 7.

Table 7. Electricity consumption in appliances by area.

Appliances Total Area

Number Percent Urban Rural

Air conditioner 9440.34 26.50 65.72 34.28
Refrigerator 6884.96 19.33 44.30 55.70
Light bulb indoor 5319.41 14.93 45.79 54.21
Rice cooker 2430.10 6.82 41.07 58.93
Television 2172.07 6.10 43.96 56.04
Fan 2050.16 5.75 45.71 54.29
Electric bottle 1193.01 3.35 41.61 58.39
Light bulb outdoor 1174.12 3.30 44.37 55.63
Automatic pump 930.04 2.61 60.81 39.19
Water heater 663.68 1.86 52.46 47.54
Computer 595.41 1.67 61.58 38.42
Iron 552.24 1.55 43.62 56.38
Others 2218.81 6.23 – –

The comparison of electricity consumption and saving potential between the whole country and the northern
region of Thailand is shown in Table 8.

Table 8. Comparison of dwelling characteristics between the whole country and the northern region of Thailand.

Characteristics The whole country The northern region

Electricity consumption and saving potential
Electricity consumption (GWh) 5248.36 35,624.37
Saving potential (GWh) 847.24 4,975.89
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4.4. Saving potential

The result shows that Thailand has 13.97% of the energy reduction potential or about 4975.89 GWh. This could
be done by replacing the old appliances with the higher efficiency ones as shown in Table 9.

Table 9. Electricity consumption and saving potential by appliances.

Appliances Electricity consumption Policy Saving potential

GWh % GWh %

Light bulb indoor 5319.41 14.93 FL to LED 3510.88 66.00
Light bulb outdoor 1174.12 3.30 FL to LED 689.03 58.68
Television 2172.07 6.10 CRT to LED 649.11 29.88
Refrigerator 6884.96 19.33 Energy label 35.91 0.52
Air conditioner 9440.34 26.50 Energy label 30.46 0.32
Rice cooker 2430.10 6.82 Energy label 17.96 0.74
Automatic pump 930.04 2.61 Energy label 14.12 1.52
Fan 2050.16 5.75 Energy label 12.88 0.63
Electric bottle 1193.01 3.35 Energy label 7.43 0.36
Iron 552.24 1.55 Energy label 5.76 1.04
Water heater 663.68 1.86 Energy label 2.35 0.35

5. Discussion

From this study, energy reduction potential was 4975.89 GWh. It was equivalent to greenhouse gas mitigation
about 2.39 MtC02 by using the grid emission factor of 0.48 tCO2/MWh [11] as shown in Table 10. According
to Energy Efficiency Development Plan (EEDP), the target of Thailand Nationally Appropriate Mitigation Actions
(NAMAs) was 5.91 MtCO2 Carbon dioxide (CO2) reduction in 2020 [12]. Therefore, the CO2 reduction potential
in this study could decrease the CO2 about 40.41% of EEDP’s target.

Table 10. Energy reduction potential greenhouse gas by appliances.

Appliances Saving potential (GWh) Reduction potential (tCO2)

Light bulb indoor 3510.88 1.6552
Light bulb outdoor 689.03 0.3307
Television 649.11 0.3116
Refrigerator 35.91 0.0172
Air conditioner 30.46 0.0146
Rice cooker 17.96 0.0086
Automatic pump 14.12 0.0068
Fan 12.88 0.0062
Electric bottle 7.43 0.0036
Iron 5.76 0.0028
Water heater 2.35 0.0011

6. Conclusion

A survey of household energy consumption was conducted. The sample size was 7190 households which were
chosen randomly by using the method of stratified random sampling. Load factor, seasonal factor, and utilization
factor were used to improve the accuracy of data. By extrapolating survey results, it can be concluded that
Thailand has potential to save energy and greenhouse gas in household sector about 4975.89 GWh and 2.39
MtC02, respectively, by improving the efficiency of appliances. In short term, the government should focus on
the implementation of LED lighting as the first priority, as their investment cost is the most effective and due to a
large amount of deployment among poor people. While in long term, the efficiency of air conditioner, refrigerator,
and light bulb have to be considered because of their high rated electricity consumption.
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