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Abstract:  Developing countries have been
dramatically changing their ways of consuming
energy for the past decades. Between 1987 and 2006,
developing countries experienced high rate of ghowt
in energy consumption as much as 63 percent per
year while energy consumption in OECD countries
grew only around 1.5 percent per year. Without
effective policies, such dramatic change in energy
consumption  would  undoubtedly lead to
unsustainable future of global energy. This paper
analyzes distribution of energy consumption across
income classes in Thailand by using household socio
economic data of Thailand from the period 2003-
2009. It can be found that there were high inetjeali

in energy consumption among household income
classes especially in electricity and transportl fue
consumptions. The study also estimates carbon
emission of each income class and finds that the
highest income group emits carbon emission 7 times
higher than the lowest income. The study finally
conducts policy scenarios based on the fact firgling
The first scenario assumes a change in carbon
emission factor, which refers to the technologyelev

of country. The result implies that adaptation of
cleaner energy and technology on power generation
can substantially decrease carbon emission of
Thailand. The second scenario assumes changes in
tax on carbon-intensive energies which lead to a
substantial decline in carbon emission.
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1. Introduction
Energy policy in developing countries has been a
controversial debate among environmentalists for

several years. Panel studies of Lee (2005) aniceSar
al. (2007) show that energy consumption statigyical
determines economic growth in developing countries
but not vice versa, which implies that energy
conservation policy might hamper economic growth
in the long-run. However, such macro-level study on
energy policy is still unable to answer the questd
how energy policy of developing countries should be
designed in order to maintain desirable growth.
Analysis in micro level which captures individual
behaviors in society should also be considered.
Pachauri (2002) utilizes input-output table and
household data, and finds that as income of the
country rises, Indian households tend to consume
more gas and petroleum products and less traditiona
energy like kerosene.

High inequality among income class is also one of
the main characteristics of developing
countries which should be taken into account when
conducting energy policy in developing countries.
For example, Thailand’s household socio-economic
survey significantly shows some variation of energy
consumption among five income classes. While the
lowest income quintile consumes less than five
percent of total energy consumption, energy
consumption of the highest income quintile accounts
for over 50 percent. Such information should be
useful for designing their sustainable energy pyaiic
developing countries.

Consequently, this motivated the current study to

conduct analysis on Thailand’s household energy

consumption as a case study to seek for sustainable
energy policy in developing countries.
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2. Objective

The aim of our paper is to: 1) statistically analyz
energy consumption pattern by income class, using
Thailand’s household economic survey in 2006,
2007, 2008, and 2009. To discuss in detail, thepa
divides household income distribution into ten
income quintiles, and investigates energy
consumption pattern of each income quintile by
different types of energy; 2) clarify how consuropti
pattern of each energy and each income class siffect
carbon emission over time; 3) conduct various golic
scenarios to estimate  household’s energy
consumption as well as carbon emission; and finally
4) discuss some implications on energy policy
implementations in developing countries based on
fact findings.

3. Method

The study first divides household population infb 1
quintiles. The first quintile shows cumulative imece
occupied by 10 percent of the lowest income
households while the tenth quintile shows cumugativ
income occupied by 10 percent of the highest income
households.

The study then clarifies energy consumption pattern
of each income quintile by energy source from 2006-
2009. Thus, energy consumption in monetary unit
(Baht) is converted to physical unit by using

Thailand’s energy price index. Net calorific values
provided by Ministry of Energy of Thailand are also

referred in converting physical unit into calorific

value.

For instance, to obtain electricity consumption in
kilowatt per hour, electricity consumption in
monetary unit (Baht) is divided by electricity pgic
per kilowatt per hour. Next, the physical value of
kWh is converted into MJ by referring to net cdiiori
energy value, which is provided by Ministry of
Energy of Thailand.

Carbon dioxide emissions are then estimated bygusin
carbon emission factors provided by IPCC and
Ministry of Energy of Thailand except for the cade
electricity since proportion of electric generation
fuels are expected to be different from OECD
countries.

Finally, two scenarios of energy policies are
simulated. The first scenario assumes a change in
carbon emission factor of electricity with 10 perce
increase in natural gas power plants and 10 percent
decrease in coal and lignite power plants, implyang
change in technology of power genration in the long
run. While natural gas accounts for over 60 peroént
domestic energy production in Thailand, coal and

lignite accounts for only 11 percent. In additiorer

70 percent of electricity are generated by natgaa),
and 29 percent by coal and lignite. Thereforetethe
is potential that Thailand utilizes more naturak ga
and less lignite and coal for power generation. The
emission factor in this scenario accounts for 0869
Scenario 2 assumes the government of Thailand
imposes 5% of price tax on electricity and diesel
consumptions, which is directly incorporated to the
nominal price of energy. In order to find respon$e
households to the change in price according to tax,
the study uses energy price elasticity of -0.1845
obtained by Dr. Kraipornsak (2006).

4. Data

The data mainly used in this analysis is Thailand’s
Household Socio-Economic Survey constructed by
the National Statistics Office of Thailand, spamnin
from the period 2006-2009. Expenditures, incomes
and other social features of around 140,000
households are observed by the National Statistics
Office annually.

In order to clarify energy consumption pattern of

Thai households, various sources of energy, which
are electricity, cooking gas, gas for other purgose

than cooking, charcoal and wood, kerosene, gasoline
91, gasoline 95, high-speed (HS) diesel as well as
water supply and underground water are analyzed,

Energy price index in unit Baht and energy calorifi
values are also referred to convert expenditure in
monetary unit into physical and calorific unit,

Finally, the study estimates carbon emissions of
various energy sources using carbon emission fctor
provided by IPCC Task Force on National
Greenhouse Gas Inventories except for the case of
electricity consumption. Since power generationisue
in Thailand are expected to be different from thoke
OECD countries, the study uses carbon emission
factor for electricity provided by Hinchiranan,
Department of Energy Policy and Planning (2006) to
estimate carbon emission by electricity consumption
in Thailand. The carbon emission factor is equal to
0.5057, which is different from 0.42-0.5 of OECD
countries.

5. Study Result

5.1 Energy Consumption Pattern among Income
Classes Figure (1) and (2) demonstrate energy
consumption patterns among income classes in 2006
and 2009 respectively. Since significant changes ar
not observed during 2006-2009, we skip the resilts
year 2007 and 2008. During the period, there agb hi
inequalities among income classes for electricity,
cooking gas consumption, water, and transport fuel
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Figure 3: Carbon Emission by Income Class and by Emgy Source in 2006

Electricity (kg) Cooking gas (kg)

1000 1500 2000
a0 a0

20

501
10

:mﬂﬂﬂ ﬂ

Emission quantile Emission quantie

Gasoline 91 {kg) Gasoline 95(kg)

100
10 15 20 25 30 35

50

]

ail

o

o

Emission quantie Emission quantie

Figure 4: Carbon Emission by Income Class and by Ergy Source in 2009

consumptions. Energy inequality slightly improved
only in electricity and kerosene consumption.
However, for other energy sources, such improving

trends are not found.
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much as 57% of total electricity consumption, which
is 10 times higher than the lowest income household

For all transportation fuel, the highest income
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consumed 7 times higher amount of transport fuel
than the lowest income.

This can be implied that there is high degree of
progressive energy inequality among income groups
especially for electricity and transportation fudis
contrast, inverse inequality for charcoal and kenes
consumption are observed, suggesting that charcoal
and kerosene are inferior energy for Thai household
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Figure 5: Change in Carbon Emission by Scenario 1hi2009

Electricity (kg)

1000 1500

00

: dﬂﬂﬂﬂ

Emission quantile

Gasoline 91(kg)

100

a0

E}

Emission quantie

a0

30

n

10

a

M 15 20 25 30 35

-]

a

Cooking gas(kg)

I

Emission quantile

Gasoline 95(kg)

ail

Emission quantile

h (kg) Ke

04 06 oA

02

1400

0 200 400 600 GO0 1000

000 002 004 008 008 010

Emission quantie Emission quantie

HS Dieselfkg)

ol

Emission quantie

Figure 6: Change in Carbon Emission by Scenario 21i2009

5.2 Carbon EmissionFigure (3) and Figure (4) show

carbon emission by income class in 2006 and 2009
respectively. Due to zero value of charcoal carbon

emission factor and insufficient data, only 7 egerg
sources can be estimated for carbon emission. Burin

2006-2009, total household

increased by 19 %, from 13,069 kg-COE to 15,545

kg-COE per household per year.

carbon

emission

While carbon emission from electricity and HS diese

consumptions increased by 30% and 13%
respectively, carbon emission from other energy
consumptions decreased by average 3%. In addition,
household electricity and high-speed diesel

consumptions account for 60 % and 27% of total
household carbon emission.
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This implies that the two energies are the main
factors for carbon emission in Thailand, and should
be regulated in the long term in order to sustain
economic and environment of the country.

5.2 Simulation According to the result, the study
simulates policy scenarios related to reduction in
consumptions of electricity and high-speed diesel.
The results of scenario 1 and scenario 2 are riéfltest

by Figure 5 and Figure 6 respectively. 10 percent
increase in natural gas power plants and 10%
reduction in coal power plant (scenario 1) resirts
29% or 4,537 kg-CO2 decrease in carbon emission
per household. This is directly obtained from 46%
reduction in CO2 emission from electricity
consumption. Additionally, 5% percent of electncit
and high-speed diesel taxes (scenario 2) res@2%

and 58% reduction in CO2 emission respectively,
which accounts for 28% or 4,598 in kg-CO2 decrease
in total carbon emission per household.

6. Policy Implications

The simulation result implies that energy policies
imposed on household electricity and diesel
consumptions would result in carbon reduction in
some level. Scenario 1 implies that adopting
technology towards domestic and cleaner energy such
as natural gas would substantially reduce carbon
emission in household sector. In scenario 2, itlman
seen that electricity tax can also substantialduce
carbon emission in household sector.

However, since change in energy consumption of
each income class is not assumed in the scenario
analysis, energy policy imposed individually onfeac
income quintile cannot be discussed in the current
paper. Moreover, the effect of energy policy on
economic growth should also be observed. Therefore,
it is necessary to conduct more researches in doder
find a more suitable and more sustainable energy

policy.

7. Conclusion

The paper clarified energy consumption pattern by
income class of Thai households by statistically
analysing household socio-economic data of Thailand
from the period 2006-2009. The paper found that
there were high inequalities in energy consumption
among household income classes especially for
electricity consumption and transportation fuelbe T
highest income class was responsible for as much as
60 percent of total household energy consumption.
The study also estimated carbon emission of each
income class and found that the highest incomemrou
emitted carbon emission 7 times higher than the
lowest income. Moreover, it can be seen that
electricity consumption and diesel consumption of
households were the main source of carbon emission.

Therefore, the current study conducted policy
scenarios based on the fact findings. The first
scenarios assumed a change in carbon emission
factor, which refers to the technology level of
country. The result implied that adopting cleaner
energy and technology on power generation could
substantially decrease carbon emission of Thailand.
For scenario 2, taxes on carbon-intensive energies
such as electricity and high-speed diesel might als
be an option to reduce carbon emission. However, th
effects of such policies on economic growth should
also be studies further in the future.
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