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Abstract. The general objective of this study is to estimate the relationship between electricity consumption, economic performance and
the price of electricity in four sectors namely the industrial, commercial, mining and agricultural by using the panel data approach on
leading ASEAN countries. The present study intends to contribute significantly to the existing literature by presenting a comprehensive
approach of the issue of electricity consumption in Thailand. The information of electricity consumption in the industrial, commercial,
agricultural and mining sectors is essential to understand the magnitude of the sectors’ sensitivity to change with respect to GDP and
electricity price. Moreover, real electricity price is incorporated in this study to provide a more consistent result. The findings are important
for researchers and academicians by providing a better knowledge of sectoral electricity demand to permit better regulatory decisions
in order to facilitate economic efficiency. Apparently for the policy makers, it will be possible that the approach of this study could be
useful as a guideline to facilitate the adoption of a more appropriate model for electricity demand management as well as restructuring
the electricity sectors. Furthermore, the findings of this study will be helpful in the formulation of effective energy and pricing policies in
order to encourage consumers towards the efficient use of energy for the future of sustainable energy and development.
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1. Introduction

Electricity is a man-made source of energy. As it is non-durable, electricity compliments durable goods like
electrical appliances or electrical machinery (Mohd Hafiz Aswad, 2015; Vlasov & Kiseleva, 2017). It helps
directly by running consumer durables in terms of services and running machines which help directly or indi-
rectly to produce consumer goods. Electricity is an exceptional energy because the consumption of electricity
has to be simultaneous once it is been generated, thus electricity cannot be economically stored. Furthermore,
electricity has a unique position among other different types of energy because electricity is clean energy, is
easy to transfer and can be transformed into other kinds of energy. The demand of electricity varies hourly,
daily, weekly and across the seasons and industries and societies and is determined by wide arrow of factors
(Strielkowski et al., 2017; Tvaronaviciené et al., 2017; Melas, et al., 2017; Supian & Ab, 2018; Kuiken & Mas,
2019; Todorov et al., 2019; Dudin et al., 2019; Vlasov et al. 2019; Smaliukiené, Monni, 2019; Rezk et al., 2018;
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Rogalev et al., 2018).

It cannot be fully controlled, and it is practically impossible to prevent market participants from consuming
more or less electricity.

Electricity plays an important role in the process of economic growth and is required for both commercial and
non-commercial usage. Commercial usage of electricity refers to the use of electric power in the industrial,
commercial, mining and agricultural sectors. For non-commercial, the principal use of electricity energy is for
public lighting and by residential consumer. Feron (2016) stated that electricity is is indispensable to industrial
and commercial establishments, meaning that a lack of energy causes difficulties and economic losses due to
the reduction in production (Panos, Densing, & Volkart, 2016). Moreover, an increase in the production of
goods and services will consume a lot of electricity. Therefore, the demand for electricity is driven by such
important factors as industrial development, population growth, urbanization and the rising standard of living.
This is why electricity has become the principal type of energy source to improve the socioeconomic condition
in countries (Widiastuti, et al., 2017; Buyinza & Kapeller, 2018).

The increasing trend of electricity consumption (ECN) and its relationship with the growing economy has come
to the special attention of policy makers. In Thailand, electricity demand (ELCD) is mostly met with the use
of insufficient and expensive fuel resources such as natural gas and coal which continues to expand rapidly. At
the same time, it is the government’s responsibility to supply a sustainable and economical price of electricity
to consumers. However, the lack of sufficient generation to meet the increasing demand for electricity in the
country will lead to undesired political, social and economic effects. Therefore, an understanding of consum-
ers’ demand behavior on electricity is important in order to have an accurate planning for the sufficient supply
of electricity commensurate with this demand. Furthermore, it is vital to have comprehensive knowledge of
factors that influence ECN. This information could be useful for policy makers to come out with better energy
policies and strategies to minimize the socioeconomic effects such as their impact on firms, households, and
consequently, social welfare.
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Figure 1. Energy consumption in ASEAN economies

Source: World Bank
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The demand for electricity in Thailand is primarily for the industrial, commercial, residential, public lighting,
mining and agricultural sectors. The factors that derive ELCD differ across the economic sectors. For instance,
the industrial and commercial sectors consume electricity as an input of production and their objective is to
minimize the cost of production. Residential consumers’ demand for electricity relies on consumers’ utility
maximization by allocating income so that they obtain great satisfaction from total expenditure. The industrial
sector is the main electricity consumer, accounting for more than 40 percent of total ECN in Thailand. The com-
mercial sector is the second largest electricity consumer at just below 35 percent, followed by the residential
sector at around 20 percent. By comparison, other sectors such as public lighting, and the agricultural and min-
ing sectors made up less than two percent of total ECN. To investigate the behaviour of electricity consumers
among the sectors, this study will emphasize the commercial usage of electricity referring to the four key sec-
tors in Thailand’s economy, namely the industrial, commercial, mining and agricultural sectors. These sectors
contribute significantly to the development of Thailand’s economy in terms of GDP and use electricity energy
as an input to produce goods and services. Meanwhile, other sectors such as residential and public lighting are
not considered in this analysis because these sectors consume electricity for non-commercial purposes and do
not contribute to the country’s GDP.

The industrial sector can be defined as a consumer engaging in the manufacturing of goods and products. The
industrial sector represents both the manufacturing and construction sectors. The chemical, base metal, paper,
wood, non-metal and food industries are the most energy-intensive users in the industrial sector (Diawuo,
Baptista, & Silva, 2018). Overall energy use in this sector is largely for processing heat, cooling and powering
machinery. It is found that that the industrial sector has the largest share of electricity usage in overall ECN but
its share slowly reduce from 51 percent to 43 percent between the period 2002 and 2012. It can be observed
that in the future, electricity consumed by the industrial sector will not only decrease but could also dimin-
ish. The reason could be from the energy efficiency measures that were implemented by industrial consumers,
which managed to reduce the energy demand (National Energy Balance, 2012). Meanwhile, industrial ECN
has recorded a 6.9 percent growth from 2002 to 2012. One of the main reasons for the higher growth was due
to the performance of the GDP growth rate in the construction sector that is driven mostly by energy intensive
industries (National Energy Balance, 2012).

In order to understand the efficiency of electricity usage relatively to the performance of the economy, this
study uses the term energy intensity as a measurement for the quantity of energy required per unit of economic
output or GDP. The industrial sector recorded the highest electricity intensity compared to other sectors in the
economy. Industrial electricity intensity slowly decreased by 8.4 percent from 2005 to 2012.The commercial
sector is defined as a consumer occupying or operating in the buildings used by businesses or wide range of
facilities such as government buildings, religious organizations and any other forms of businesses or commer-
cial activities which are Industrial Commercial Mining Agricultural not primarily involved in manufacturing,
quarrying or mining activities. According to the total number of electricity consumers, the commercial sector
is the second largest consumers after the residential sector, accounting for 1.5 million or 17 percent of the total
electricity consumers in 2012.

The mining sector can be defined as a consumer using most part of the electricity for extracting minerals and
dredging activities for crude oil, natural gas and tin. This sector contributed the lowest share of total ECN at
0.1 percent. The electricity consumed by the mining sector declined from 2002 until 2008, but then it slowly
increased beginning in 2010. Moreover, the mining sector’s contribution to GDP growth also started to decline
within the same period due to lower production of crude oil ans mining sector’s electricity intensity pattern
displayed at almost a constant trend between 0.17 GWh and 0.15 GWh from 2002 until 2012.

The agricultural sector is a consumer conducting specific agricultural activities strictly related to agricultural
cultivation and breeding. Electricity used in the agricultural sector is used mainly to operate machinery and
equipment, heating or cooling green houses, lighting in the farms, water pumping for the irrigation of land and
controlling water gates for the production of grains. In comparison to other sectors in the economy, the agri-
cultural sector has become increasingly dependent on energy resources. This sector was relying more on petrol
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and the coal industry output as its input compared to electricity and natural gas (Commander, Nikoloski, &
Vagliasindi, 2015; Swenson, 2016). It is observed that the agricultural sector only contributes a smaller share
of the total ECN, accounting for less than 0.5 percent. As depicted in electricity consumed by the agricultural
sector increased from one GWh to 344 GWh from 2002 until 2012. The growth in ECN is in line with the GDP
growth rate in the agricultural sector during the same period. As a result, agricultural electricity intensity has
gradually increased from 2002 to 2012 reaching at 0.63 GWh.

Hence, this study aims to shed light on the modelling ECN, namely the industrial, commercial, mining and
agricultural sectors to present empirical evidence on the elasticity and causality in Thailand. To provide a reli-
able sectoral ECN model, the above-mentioned variables such as sectoral GDP and real electricity price will
be applied. The key contribution of this study is to provide some information on the responsiveness of ECN
toward the changes in economic performance and electricity price in sectoral level. Another contribution is to
investigate any potential causal relationship between ECN with economic performance and electricity price
where the results would be useful for a recommendation of energy policies.

The general objective of this study is to estimate the relationship between ECN, economic performance and
the price of electricity in four sectors namely the industrial, commercial, mining and agricultural by using the
panel data approach. The present study intends to contribute significantly to the existing literature by presenting
a comprehensive approach of the issue of ECN in Thailand. The information of ECN in the industrial, com-
mercial, agricultural and mining sectors is essential to understand the magnitude of the sectors’ sensitivity to
change with respect to GDP and electricity price. Moreover, real electricity price is incorporated in this study
to provide a more consistent result. The findings are important for researchers and academicians by providing
a better knowledge of sectoral ELCD to permit better regulatory decisions in order to facilitate economic ef-
ficiency. Apparently for the policy makers, it will be possible that the approach of this study could be useful as
a guideline to facilitate the adoption of a more appropriate model for ELCD management as well as restructur-
ing the electricity sectors. Furthermore, the findings of this study will be helpful in the formulation of effective
energy and pricing policies in order to encourage consumers towards the efficient use of energy for the future
of sustainable energy and development.

2. Theoretical Review

Electricity can be referred to as derived demand because electricity is a function of the types of electrical
appliances that exist in a particular type of dwelling or building. In this context, electricity is derived along
with other inputs for a factor of production resulting from the demand of other intermediate goods or ser-
vices. Inglesi-Lotz (2019) stated that there were two approaches in dealing with ECN based on the economic
perspective. The first approach was from the supply side where electrical energy is used as an input for the
production output of the sector. However, the results from the regression analysis were found to be insignifi-
cant and it was concluded that ECN was not an appropriate factor to explain the output trends of the sectors.
The second approach was from the demand side where consumers used electrical energy as a result of the
output and prices. Based on this approach, it was suggested that ECN from the demand side was appropriate
in analyzing the ECN model. This means that consumers’ ECN was a function of electricity price and the total
output produced in each sector.

The rationale of behaviour of consumers on the demand of electricity is based on different theoretical founda-
tions. A small number of theories have been proposed to explain the diverse cause of ELCD in order to have a
better understanding of the factors that influence the demand for electricity. Although the articles, such as Cial-
ani and Mortazavi (2018) and Bajjali and Shamayleh (2018) cover a variety of theories, this review will focus
on the seven most important factors that influence the demand for electricity, which emerge repeatly throughout
the literature reviewed. These factors are price of electricity, income or GDP, price of substitute energy, popula-
tion, weather, stock of electrical appliances and the number of consumers. To achieve the objective, this study
will primarily focus on the application of price of electricity and GDP.
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Here it has to be noted that oil prices affect various facets of economics, not only demand for energy (Masood
et al., 2019; Humbatova et al., 2019).

The consumption of energy is mainly determined by its own price. Caldara, Cavallo, and lacoviello (2019),
in his study on crude oil demand, has claimed that the price elasticity of demand for energy was important for
policy makers to monitor the quantity of energy demand. He suggested that the price of elasticity was very
low in the long and short run that was derived from a variety of econometric procedures and covered differ-
ent periods. Meanwhile, Foster, Wagner, and Liebman (2015) analyzed the price elasticity of natural gas and
they argued that the fluctuation in natural gas price had a significant effect on consumers’ change in their fuel
demand. On behalf of ECN, the price of electricity or electrical tariff is commonly used to determine the quan-
tity of electricity usage. According to the law of demand, the price of electricity is assumed to have an inverse
relationship to the quantity demanded for electricity. Therefore, in the function of ECN, electricity price plays
an important component due to its greater influence on affecting the quantity of electricity consumed. The
majority of the articles on ECN analysis such as Polemis (2016) and Labandeira, Labeaga, and Lopez-Otero
(2017), concluded that a higher electricity price would cause a substantial reduction in overall ECN, while a
falling in electricity price would increase the usage of electricity, ceteris paribus. For instance, when the price
of electricity increases, it increases the total cost of production. In order to lessen the cost of production, a firm
will reduce the purchase of electricity energy. As a result, the firm’s demand for electricity will decrease.

Recent study outlined, who focused on commercial and industrial water demand, argued that the demand for
energy did not only depend on the price of energy, but was also influenced by the sector performances. In gen-
eral, the majority of economic articles on ECN such as Bajjali and Shamayleh (2018) and Javid and Qayyum
(2014); Wonyra, (2018) have considered the relationship between electricity and the economic performance or
income based on GDP. In particular, as economic development progresses, consumption and production pat-
terns will change, thus resulting in changes in energy use patterns. Most articles on ELCD, such as Bajjali and
Shamayleh (2018), have observed that an increase in GDP will lead to an increase in ELCD. For instance, an
increase in GDP will raise consumer wealth, thus consumers get an extra income to spend. Thereby, it raises
more consumption for the quantity of goods and services. These structural changes in consumption result in
changes in production. In other words, when the demand for goods increases, firms will raise the production
and this will promote changes in ECN. This means that more additional electricity is required in order to pro-
duce more output.

According to the sectoral or firm perspective, electricity is an essential input for the production process of
goods and services, similar to labour and capital. As explained by Debnath and Mourshed (2018), in order to
produce a unit of product, a firm needs an input factor in the form of electricity. Thus, ELCD adds to the pro-
duction function. Generally, the objective of the firm is to maximize profit or to minimize cost for a given level
of outputs. For instance, the profit maximizing firm will choose both input and output with the sole goal of
maximizing economic profits that refer to the difference between total revenue and total cost.. Several studies
on industrial ELCD, such as Zafarullah, (2018); Krutsyak (2019) and Tishler (1983), applied the producer of
profit maximization theory.

In comparison, cost minimization is an alternative way considering the behaviour of a profit maximizing firm
that takes factor prices as given but can influence output prices. According to Medlock III, a firm purchases
energy as an input to the production of its output and naturally attempts to do it in accordance with cost mini-
mization. Another study by Ali (2016) used the cost minimization model on ECN function. In this model, the
authors considered production as a function of energy services, including the service of electricity and other
kinds of energy as well as the service of other production factors such as labour and capital. Furthermore, elec-
tricity service was considered as a function of ECN and the quality of electricity supply. The production cost
subject to the production function constraint was minimized and ECN of an individual firm was introduced as a
function of the electricity supply quality, electricity price, price of substitute energy and the firm’s value added.
Recently, Mohd Hafiz Aswad (2015) analyzed the demand behaviour of ECN in different sectors in Iran. Based
on the article by Sani, Mukhtar, and Gani (2017), he described the concept of cost minimization of production
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cost was subject to the production function constraint. In his study, he claimed that the production by the indus-
trial and agricultural sectors was considered to be a function of ELCD for an input together with other inputs in
the production process (Maree, 2017; Margaret & Donna, 2017). As a result, the basis of the quantity of ECN
was derived as a function of output of the industry, the price of electricity, the price of substitute fuel, labour and
other exogenous factors. In addition, the author also included the stock of electrical appliances and technologi-
cal progress as proxied by fixed capital to investigate the impact on the level of sectors. In other studies, some
researchers, such as Hassan (2018), have also considered the cost minimization theory in their ECN modelling.

The study on consumers’ behaviour on ECN is importantly needed in order to understand the causes that deter-
mine the change in the consumption of electricity. The importance of this study hinges on exploring two main
factors such as economic performance and electricity price elasticity. This illustrates some information as how
ECN changes due to the impact of economic performance and electricity price. Furthermore, there is also a
causal relationship between ECN, economic performance and electricity price.

2.1. Relationship between ECN and Economic Performance

Generally, GDP is the most commonly used variable as an indicator for measuring economic growth or national
income in determining ECN of the respective country. However, other ELCD studies that specifically focus on
sectoral levels also employed GDP as an indicator to represent the sector income or economic performance.
For the purpose of this review, the terms of income, economic performance or economic growth are used in-
terchangeably with GDP in order to explain its relationship with ECN In theory, the demand for normal goods
should increase proportionately when there is an increase in income. As for energy, the measurement of income
effects on consumption is important because energy bills often represent a lower proportion of income for
higher income consumers (Null, 2018). In energy literature, the estimation of income elasticity for ECN began
with the study by Su (2019) in the United Kingdom (UK). He was concerned with the response of consumers
towards changes in income. The results revealed the stability in his ELCD function and it indicated that ELCD
in the UK was sensitive to changes in economic performance. Following his introductory study, research ef-
forts on the estimation of income elasticity have become extensive and have raised the attention of analysts
and researchers. For instance, several articles (Boogen, Datta, & Filippini, 2017; Mensah, Marbuah, & Amoah,
2016) used national income to estimate the ECN in their respective countries. Based on their investigations,
the estimation of income elasticity was universally significant and indicated a positive sign towards the change
in ECN. However, the level of income elasticity showed varying outcomes. Boogen et al. (2017) measured the
determinants of Greek ECN from 1961 to 1986. They found that the income elasticity was elastic at 1.56. In
the same Omojolaibi, Mesagan, and Oladipupo (2016) found similar findings of ELCD in the Gulf Cooperation
Council (GCC) member states,. The outcomes indicated that the long run elasticity of income between GCC
countries was very elastic, and varied from 1.65 to 5.39. Moreover, Dai and Gao (2016) also found consistent
results for ELCD in Sri Lanka covering the period from 1970 to 2003. The income elasticity had a range of
between 1.00 and 1.96.

Several researchers discovered that ECN was actually less sensitive to changes in income in the long run
(Haseeb et al., 2019). Akarsu (2017) examined the influence of GDP on ECN in South Africa over the period
from 1950 to 1983. He revealed that the income elasticity was inelastic as estimated at 0.71. In another study,
R. Inglesi-Lotz and Pouris (2016) also found consistent results regarding the inelasticity of income. Based on
per capita studies over the period from 1978 to 2005, he concluded that ECN of South Africa was driven by
GDP as estimated at 0.31. Meanwhile, studied ELCD of the United States and they concluded that the income
elasticity was close to 0.5. Moreover, a study on the effect of GDP on ELCD in Namibia from 1960 to 2002.
In this study, they reached the same conclusion that ECN was actually driven by income, where the elasticity
was found to be inelastic at 0.59.

Recently, Atalla and Hunt (2016) tried to investigate ECN in Turkey as a function of GDP. Atalla and Hunt
(2016) estimated the income elasticity over the period from 1960 until 2008. The findings indicated that ECN
tended to be very inelastic due to the change in income as calculated to be 0.17. The results, reflecting the na-
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ture of the demand for electricity was similar to those reported. The authors used different time periods from
1970 to 2009 and the estimation of income elasticity was found to be 0.92. By making the comparison, it can
be concluded that ECN in Turkey was less responsive to changes in GDP. Based on the findings from previous
articles, there were similarities between the positive responses of ECN and the changes in income in the long
run. However, the results also indicated that ECN had shown different sensitivities to income changes in their
respective countries. For example, Atalla and Hunt (2016) found that the income elasticity was lower than unity
in the long run, whereas the study of Boogen et al. (2017) presented that income elasticity ranged from 1.56
to 5.39. This suggested that ELCD was responsive to variations in income in the long run. Income level, often
used as a proxy for GDP was the most important determinant of ELCD.

2.2 Relationship between ECN and Electricity Price

In theory, electricity price elasticity can be measured by unit changes in ECN with respect to unit changes
in electricity price. However, there was a wide variation in the electricity price specifications reported in the
literature. For instance, classical studies on electricity price elasticity such as categorized the related works by
residential and industry between 1946 and 1957. For ELCD function, average revenue was used to represent
electricity price. It was found that electricity price had little effect on long run ELCD. The price elasticity was
ranged from -0.22 to -0.99. In another study, author used the same average revenue to address ELCD in the
United States (US), incorporating the use of pooled data of 48 states from 1961 to 1969. He concluded that
ELCD was responsive to change in electricity price as calculated from -1.09 to -1.14. Within the same country,
employed typical bills based on 500 kilowatt hours per month to represent electricity price in their cross section
studies in 77 cities and 50 states. Both authors came up with the findings that electricity price elasticity ranged
from -0.84 to -1.33.

Recent studies by Ngondya (2018) and Ivy-Yap and Bekhet (2014) estimated the demand for electricity focused
in developing countries. For instance, Ngondya (2018) studied the ECN in 32 developing countries from the
1999 until 2004 period. He employed price of oil as a proxy for the price of electricity due to difficulties to get
data information. He argued that electricity price was actually dependent on oil price and indicated that electric-
ity price would increase when there was an increase in oil price. Therefore, the estimation coefficient of elec-
tricity price elasticity in developing countries was found to be inelastic at -0.036. However, the result was found
to be biased because the price of 0il could not explain the level of ECN more precisely to measure consumers’
response to a change in price. Therefore, Ngondya (2018) suggested that the application of real electricity price
would provide more accurate and appropriate results. In another study, employed the real electricity price to
estimate the ELCD in India over the period from 1959 to 1995. As a result, they found that the price elasticity
in the long run was inelastic, as estimated at -0.16. Recently, used electricity price per capita to measure ECN
between 1979 and 2008. However, the model suggested that the price elasticity was found to be insignificant to
explain the electricity usage in Thailand.

In Thailand, academic studies about ECN are rare, with Ivy-Yap and Bekhet (2014) being among the main con-
tributors. Scholar examined rural and urban ECN using annual data from 1980 until 2009. In these studies, they
employed the CPI as a proxy for electricity price. The results showed that the electricity price elasticity was
found to be insignificant as estimated at 0.59. This means that the price of electricity failed to explain the ELCD
both in rural and urban areas. In the same vein, Ivy-Yap and Bekhet (2014) examined the residential ECN from
1978 to 2011. Similar, they used the CPI as a proxy for electricity price. The results were also found to be insig-
nificant where the price elasticity was estimated at -0.13. However, both findings were inaccurate because the
CPI was used as a proxy for electricity price which could lead the results to be insignificant. According to Au-
thor, one of the main issues associated with the CPI was that it was actually a fixed quantity price index based
on sample prices rather than relative quantities purchased by consumers. In another study, Gillingham, Rapson,
and Wagner (2016) estimated the short and long run ELCD in Sri Lanka based on annual data from 1960 to
2007. In the study, they employed an average price of electricity as one of the main determinants. The long run
and short run price elasticities were found to be inelastic as estimated at -0.62 and -0.16 respectively. Moreover,
also applied the same price specification to explain the ECN in South Africa covering the period from 1980 to
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2005. The result indicated that ELCD was less responsive to changes in electricity price in the long run as esti-
mated to be at -0.56. According to Acufia (2017), the average electricity price was the right indication and was
statistically significant. They suggested that the average electricity price should be used in the ELCD function.

For causality analysis, very small number of studies such as Gillingham et al. (2016) investigated the re-
lationship between energy and ECN together with its own price. For instance, author investigated the rela-
tionship between energy consumption and energy prices in four Asian countries. He discovered that there
was a significant long run relationship running from energy price to energy consumption in Indonesia and
Thailand, but no relationship was discovered in India and the Philippines. Meanwhile, Gillingham et al.
(2016) found bidirectional causality between ECN and electricity price in Sri Lanka. In Thailand, Tasnim
and Amin (2018) discovered unidirectional causality running from ECN to electricity price. They claimed
that an increase in the consumption of electricity would cause inflation which would lead to a reduction in
consumer purchasing power.

Based on the above reviews, all estimated electricity price parameters have the expected sign .The majority of
the studies, such as Gillingham et al. (2016), concluded that electricity price had a negative relationship with
ECN in the long run. However, the estimated price elasticity lay within a wide range of between — 1.33 and
—0.036. On the other hand, there were mixed results in terms of causality relationship between energy, electric-
ity and its own price.

2.3. Relationship between ECN and Other Variables

The demand for electricity commodity is not always explained by its own price and income, but it is also in-
fluenced by other potential factors that significantly affect ECN. These factors could be from the population,
number of customers, electrical appliances, substitute price of energy and weather depending on the nature of
the electricity commodity. Recently, empirical studies, such as Bajjali and Shamayleh (2018) Tasnim and Amin
(2018) had considered other different explanatory variables to explain the aggregate level and sectoral ECN.
For instance, scholar considered population as a determinant of ECN in Thailand. The results of the study re-
vealed the positive elasticity in population as estimated at 0.89. This implied that a higher population would
constitute a major driver for ELCD in Thailand. In another study, Tasnim and Amin (2018) discovered the posi-
tive relationship between population and ECN especially in urban areas. The urban population indicated more
sense in terms of ECN rather than the rural population as estimated at 1.08 and 0.2 respectively. They claimed
that the increase in the consumption of electricity by the urban population was due to higher exposure to stocks
of electrical appliances and electrical transportation. Meanwhile, Kaboli, Fallahpour, Kazemi, Selvaraj, and
Rahim (2016) analyzed employment in modelling the industrial ELCD. According to Kaboli et al. (2016),
employment referred to the number of employees that required additional ECN, such as the demand for space
lightning, air conditioning and heating. The result showed that employment was found to be insignificant to
explain industrial ELCD in Jordan. In Thailand, researcher argued that employment would have an effect on
the rate of purchase of electrical appliances which increased ECN. The results showed that a unit change in
employment level increased the consumption of electricity as calculated at 0.025.

Furthermore, several studies, incorporated the number of consumers as one of the explanatory variables. For
instance, Boogen et al. (2017) studied ECN in Greece covering the period from 1961 to 1986. During the in-
vestigation period, it was found that the coefficient of the number of electricity consumers was significant and
played a very important role in the expansion of electricity usage in Greece. Author also confirmed that the
number of electricity consumers was a proper determinant and showed a strong predictive in modelling the an-
nual ECN in Northern Cyprus. In Iran, scholar found that the elasticity for the number of electricity consumers
in industrial and agricultural sectors showed a positive sign as estimated at 0.24 to 1.2 respectively.

In another study, Tyagi & Siddiqui, (2017); Bajjali and Shamayleh (2018) employed the number of electricity
consumers to represent the quantity of firms that used electricity for the derivation of utility. The results of
elasticity were found to be mixed. In the aggregate level and the commercial sector, the number of customers
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showed a positive sign as estimated at 0.07 and 0.62 respectively. Meanwhile, in the industrial and agricultural
sectors, the number of consumers showed an opposite sign as both were estimated to be -1.71 and -0.93 re-
spectively. This implied that electricity usage would increase in the aggregate level and the commercial sector
but it would reduce in the industrial and agricultural sectors due to an increase in the number of consumers.
In the same scholar found evidence that the number of electricity consumers had a significant impact on the
sectoral ELCD in Pakistan from the period 1970 to 2006. The number of electricity consumers in the industrial
and agricultural sectors indicated a positive sign as estimated at 2.42 and 2.21 respectively. However, none
of the energy studies in Thailand have investigated the impact of consumers either on the aggregate level and
sectoral ECN.

Furthermore, a small number of studies, such as Bajjali and Shamayleh (2018), applied electrical appliances in
their ECN modelling. According to Bajjali and Shamayleh (2018), it was argued that the stock of electrical ap-
pliances was an important influencing factor to be considered in ECN model. For used urbanization as a proxy
to capture the effects of technological changes in the stock of electrical appliances. The results showed that
urbanization was an important variable in the long run, where elasticity was estimated at 3.91. Meanwhile, Baj-
jali and Shamayleh (2018) employed the value of imported electrical goods as a proxy for electrical appliances.
This variable was used to investigate the usage of electrical goods and capital stock between the economic
sectors in Pakistan. Thus, the results of electrical appliance elasticity was found to be significant and showed a
positive sign in all sectors ranging from 0.23 to 1.69. This indicated that an increase in the usage of electrical
appliances would further increase the consumption of electricity.

In Iran, used fixed capital as a proxy for the stock of electrical appliances of the commercial sector and for the
technology of the industrial and agricultural machinery. The author claimed that fixed capital was considered
to explain the total investment of buildings and machinery in the commercial, industrial, public and agricul-
tural sectors. Thus, it required the provision of more electrical appliances and equipment. The reason for such
a relationship was that higher fixed capital in the form of appliances and machinery represented increasing
investments in new electrical appliances and machinery. However, fixed capital was found to be insignificant
to explain sectoral ELCD. In Thailand, none of the studies have tested the influence of the stock of electrical
appliances on sectoral ELCD.

Other studies, such as Tasnim and Amin (2018) also considered different forms of energy or fuel as an alterna-
tive to electricity. This assumed that natural gas, oil, and diesel could be used as substitute forms of energy
to electricity. However, this was not easily validated because electricity has unique characteristics. According
to Akarsu (2017), electricity was the cleanest of all fuels and it was versatile and easily transferable. Thus, it
was impossible or difficult for other fossil fuel processes to compete. For instance, employed natural gas as
a substitute form of energy for ECN in Australia. It was found that natural gas was not a perfect substitute
for electricity. Similarly, Tasnim and Amin (2018) found that natural gas price elasticity was insignificant to
explain the ECN in rural and urban areas in Thailand. Moreover, author suggested that electricity was not a
perfect substitute for other forms of energy during his study on the aggregate level and the sectoral ELCD in
Pakistan. Pourazarm (2012) also found that substitute forms of energy, such as diesel, gas and fuel oil, had no
substitution relationship with sectoral ELCD. These results highlighted that the elasticity of substitute energy
was either inelastic or insignificant. Therefore, it can be concluded that the substitute price of energy is not ap-
propriate to explain ECN.

2.4. Theoretical Framework

Theoretically, the demand for electricity is derived demand that comes from the demand for lighting, heating,
cooling and others. In the study by Pourazarm (2012), ELCD by the different sectors, such as the industrial
and agricultural sectors are modelled as the outcome of a cost minimization theory that is used by a firm in the
production process. As a result, production by these sectors is considered to be a function of ELCD input and
demand input of labour, capital and other inputs. Following the work by Pourazarm (2012), the behavioural
equation of a firm’s ELCD function is constructed from the production function as follows:
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Y = (Ep, Ec,L,@)...(1)

Where Y is the level of output and , L, and Q are the quantity of electricity, being substitute energy, labour and
capital respectively. Minimization of production cost subject to the constraint of the production function pre-
sents the ELCD of the firm (Ep) as follows:

E, = f(Y,EP,,EP,EP,EP,)...(2)

where EF,, EE,, EP,, and, EP,, are the price of electricity, being the substitute fuel, labour and capital respec-
tively. For consumers, the power demand is the sum of the ECN of all firms in the industry:
where is the ELCD of the industry. Therefore

Y, = f(V,EP,,EP_,EP,,EP,)...(3)

where ¥, is the total output and EP., EE,, EP, and , EP,, are the average price of EP., EP,, EP,, and , EP, re-
spectively for the whole industry. Let the functional form of demand assume constant elasticity, then:

g

Y, = f(v? ER.%, ERF EP,Y,EP,7)....(4)

By taking the log transformation from both sides of Equation (4), the ELCD function can be given by:

yo=f(0+ta, +5,+y +e.)..05

where the lowercase letters display the log value of the variables. As shown in Equation (5), the parameters
., .. ¥, and p,_ are estimates of the elasticity. Based on the theoretical and empirical reviews, this study con-
siders representing income or output. Meanwhile, @, represents the price of electricity, f5. indicates the price
of substitute fuel, ¥;, indicates the price of labour, and P= represents the price of capital. Note that the price of
substitute energy is not included in this study since it does not significantly explain ELCD according to Bekhet
and bt Othman (2011) and Jamil and Ahmad (2011). Moreover, due to the lack of data for, total employment
will be considered in this series.

Therefore, this study will pool cross-section and time series data to examine the relationship between ECN,
GDP, the price of electricity, the number of electricity consumers, employment and capital investment. The
function of ECN can be written in the following equation:

ECN= f(GDP + PRE + NOCNS + EMPL + CIN).._(6)

Based on the ECN functions, the econometrical can be finally specified model as follows:

ECN, = a,+ a,GDP,, + a,PRE,, + a,NOCNS,, + a ,EMPL,, + a.CIN,,....(7)

3. Data and Method

Secondary data are utilized in this study based on a balance panel consisting of the annual data for 11 years,
from the period of 2007 until 2018. The data are gathered and verified from various sources After the panel
series are found to be integrated at the same order at first difference, the next step is to test whether EC and
the independent variables are cointegrated or whether there is the existence of stable long term relationship.
Hence, the sectoral ELCD relationship will be examined using the panel cointegration approach suggested by
Pedroni (1999). This procedure allows consistent and efficient estimation of the parameters in relatively small
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samples and also control for potential endogeneity of the regressors and serial correlation. In this study, panel
cointegration tests proposed by Pedroni (1999) will be applied since he determines the suitability of the tests to
be used in calculating the residuals from a cointegration regression after normalizing the panel statistics with
correction terms.

Once the explanatory variables are cointegrated in the long run, then the model is estimated by adopting panel
FMOLS techniques developed by Pedroni (1999). The purpose of FMOLS is to obtain long run cointegration
relationship of the sectoral ECN model. This technique is used for estimating the cointegration vector in the
dynamic panel data that allows considerable heterogeneity across individual sectors of the panel. The advantage
of using this technique is that the group means estimator is behaving reasonably well even in a relatively small
sample under a variety of scenarios Pedroni (1999).

4. Results

Correlation analysis is used to determine the direction and strength of the relationship between ECN with GDP,
price of electricity, number of electricity consumers, employment and capital investment. As illustrated in Ta-
ble 1, the results show that all variables, except the price of electricity, have a positive relationship with ECN.
Moreover, GDP and the number of electricity consumers indicate the strongest relationship with ECN.

Table 1. Correlation Analysis

1 2 3 4 5 6
ECN 1.00
GDP 0.15 1.00
(0.41) -
PRE 0.20 0.13 1.00
(0.27) (0.48) -
NOCNS 0.26 -0.13 0.41 1.00
(0.15) (0.46) (0.02) -
EMPL 0.03 0.12 0.43 0.03 1.00
(0.87) (0.52) (0.01) (0.88) -
CIN 0.311 0.03 023 0.31 0.13 1.00
(0.01) (0.87) (0.52) (0.01) (0.88) -

Econometric theory requires that all variables must be stationary conditions before performing cointegration
tests. If non-stationary variables are used in the regression, the results will be misleading because of spurious
regression. Therefore, it is a preliminary condition to test for unit root before proceeding to other econometric
analysis. In this study, the LLC test was employed to perform the panel unit root test. This test was performed

on both levels and at first difference for all variables.

Table 1. Panal Cointegration test Results

Test Constant Constant+Trend
Panel v-Statistics -1.926 -2.8731
Panel 2 -Statistics 0.07231 0.7632
Panel £ -Statistics (non-parametric) -5.4322%** -8.843 %k
Panel £ -Statistics (parametric) -6.3207%%* -6.674%**
Group £ -Statistics 3.212 4.423
Group t -Statistics (non-parametric) -7.7762%%* -9.262%**
Group € -Statistics (parametric) -3.877%** -4.324%%*
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This section reports the results of the panel cointegration test based on Pedroni (1999). The residuals of the
Pedroni cointegration test allow the ECN model to be determined whether there is an existence of the long
run relationship among the variables that are not stationary. The procedure of the Pedroni cointegration test
involves seven different test statistics, as discussed in previous section. If these statistic values are found to be
statistically significant, this suggests that the null hypothesis of no cointegration can be rejected. Therefore,
there is a presence of a cointegrating relationship among the variables in the ECN model. As illustrated in Table
2, the panel cointegration test contains the results of the panel statistics and the group statistics. In the panel
statistics, if there is a common statistical value within the dimension, the model should be cointegrated. The
null hypothesis stated that there is no common statistical value within the dimension, which also means that
there is no cointegration in the ECN model. In the group statistics, the alternative hypothesis suggests that there
is a significant individual statistical value between the sectors.

5. Conclusion

The price of electricity (PE) elasticity has mixed results throughout the sectors. For instance, the results of
electricity price elasticity in the industrial and commercial sectors are significant at the five percent level but
both sectors indicate a different sign. In the commercial sector, a one percent increase in electricity price causes
a reduction in ECN by 0.39 percent. The negative sign in electricity price affirms the theory that price has an
inverse relationship to consumption. The coefficient of electricity price elasticity is inelastic, which means that
the commercial sector ECN is less responsive with respect to electricity price changes. Generally, electrical
energy in the commercial sector is used for cooling and lighting where the lifetime of electrical appliances is
relatively long. This implies a low response to electricity price changes. The result is consistent with the find-
ings by Alter and Syed (2011) and Javid and Qayyum (2014) where they found price elasticity to be between
the range of -1.83 to -0.26.

In contrast, the electricity price elasticity in the industrial sector shows a positive sign. This indicates that a
one percent increase in electricity price will increase the industrial sector’s ECN by 0.37 percent. The result
contradicts with the theory of demand law which explains that the price should have an opposite relationship
to the quantity demanded. This suggests that increases in electricity tariff will give no impact on the indus-
trial sector to reduce production; instead they continue to purchase electrical energy as a main input to run
machinery operations as well as for cooling, heating and lighting in the production processes. This could be
explained by the fact that the industrial sector enjoys the lowest electricity tariff as compared to other sectors in
the economy due to high fuel subsidies by the government. The results are consistent only with the findings by
Javid and Qayyum (2014). Moreover, electricity price elasticity in the mining and agricultural sectors is found
to be insignificant.

The results of the number of electricity consumers (CONS) are statistically significant in the long run for all
sectors. The sign of consumer elasticity in the commercial sector is elastic as estimated at 1.17, but the mining
and agricultural sectors are found to be inelastic as estimated at 0.86 and 0.84, respectively. This means that the
commercial sector’s ECN is more responsive to changes in the number of electricity consumers rather than that
of the mining and agricultural sectors’, which is less responsive. The positive relationship between consumers
and ECN, especially in the commercial sector, is consistent with the findings by Alter and Syed (2011), but in
the agricultural sector it is consistent with that of Khan and Qayyum (2009). However, a number of electricity
consumers have a negative relationship with the industrial sector’s ECN, which is in line with the findings by
Alter and Syed (2011). This indicates that with a one percent increase in the number of electricity consumers,
the industrial sector’s ECN is reduced by 0.17 percent, which could be explained by the lack of availability of
sufficient electricity supply Alter and Syed (2011) for the derivation of utility.
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