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Abstract
This paper investigates the effect on electricity prices of electricity import, export and generation in relation to Thailand. Time
series analysis of data for the 60 months from 2010 to 2014 is used in determining electricity prices, with linear least squares
regression being employed in constructing the model of electricity price function. Following expectation, empirical results s how
that increase in domestic electricity generation appears to have a negative effect on electricity prices. While increase in electricity
export shows no effect, increase in import, surprisingly, appears to have a positive effect on electricity prices, possibly in
accordance with different energy regulations across countries impeding efficiency in electricity trade negotiations. The challenge
facing policy makers is to extract the maximum benefit from electricity trade with a view to lowering electricity prices, w hile not
losing sight of the country’s core responsibility of ensuring energy security.
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1.

Introduction

E

lectricity is a vital commodity that people cannot live

without in the modern day. It provides the power necessary to
households, businesses, industries, and the devices that
connect individuals to each other and the world at large.
Presently, demand for electricity is increasing at a far greater
rate than overall energy use and is expected to almost double
from 2004 to 2030 [1]. As a result, many countries are facing
a problem due to lack of electricity supply.
This major challenge of ensuring adequate supply in the
face of rapid growth in electricity demand confronts electric
utilities in a number of developing countries, foremost among
these being Thailand [2]. Hill (2016) points out that, for
developing countries, the electricity planning problem can be
more complicated than for developed countries. This is due to
the fact that electric power industries are some of the most
capital-intensive in any economy, depleting scarce financial
resources. Furthermore, where countries lack energy
resources, the need to import oil and other fuels involves a
significant impact on foreign exchange reserves [3].
Electricity Generating Authority of Thailand (EGAT) states
that, in 2015, the electricity peak demand for the country was
27,346 MW – an increase of 1.5% from the previous year,
while gross energy generation and purchase reached
183,288.53 million units – an increase of 3.2% from the

previous year. Thailand’s electricity system remained stable
with total generation capacity of 38,774 MW comprising
domestic power generation of 35,387 MW accounting for
91%, and import from neighboring countries of 3,387 MW
accounting for 9% [4] which represents a high percentage.
Thailand’s interconnection for electricity with neighbourin g
countries consists of subregions as identified by the Head s o f
ASEAN Power Utilities/Authorities (HAPUA). One sub reg io n
involves Viet Nam, the Lao Peo p le's Demo crat ic Rep u b lic
(LPDR), Myanmar and Thailand while the southern su b reg io n
involves Peninsular Malaysia and Sumat ra (In d o n es ia) (s ee
Figure 1) [5].
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but also the import of supply from neighbouring countries in
order to meet anticipated growing demand. While such trade
with neighbouring countries has implications for Thailand’s
energy security, it may well reduce the cost of power
generation and electricity prices. The purpose of this study is
to explore the effect of electricity import, export and
generation on the price of electricity in Thailand.
2. Conceptual Framework
Figure 3 shows the Representation of Electricity Market
Framework which is developed from the Representation of a
Commodity Market model of Labys and Pollak (1984, p. 48)
[7], the Major Factors Affecting Supply Adequacy model of
the California Energy Commission (CEC) (Pryor et al., 2010)
[8] and Boonyasana (2013) [9]. Electricity price equilibrium is
determined by demand and supply. Electricity demand is
dependent on the economy, demography, weather or season,
demand response and interruptibles [8]. On the other hand,
electricity supply is dependent on generation, import and
export, together with the external influences of distribution
loss, taxes, subsidies, sequestration and technologies [9].
Figure 1: ASEAN Power Grid
Source: International Energy Agency, 2015 [5]
Without international electricity co-operation, Thailand
could face electricity shortages. Figure 2 shows monthly data
for the country’s electricity demand, supply and generation
from 2010 to 2014. We can see that total electricity supply
(generation + import - export) is higher than electricity
demand (consumption). However, overall domestic electricity
generation is only slightly higher than electricity demand, and
in some periods lower. In accordance with economics theories,
without international trade, excess electricity demand can
occur for this country, leading to the possibility of higher
electricity prices.

Figure 3: Electricity Market Framework
Source: Boonyasana, 2013 [9]

Figure 2: Electricity Demand, Supply and Generation in
Thailand
Source: EGAT, 2016 [6]
As a result, it is prudent for electric utilities and energy
planners to prepare for, not only electricity-capacity increases,

From Figure 3, we see that, when producers change their
price in response to demand and supply, consumers will
change their demand in response to price. To avoid this
problem of endogeneity [10], this paper focuses solely on
supply side which involves the effect of generation, import
and export on electricity price. In addition, this study assumes
external influences are constant. Because our dependent
variable is wholesale electricity prices, with EGAT selling to
other suppliers, external influence effects should be minimal.
3. Methodolog y
3.1 Data
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In this empirical study, the data set for Thailand is provided
by the 60 months from 2010 to 2014, and includes electricity
prices, generation, import and export made available by
EGAT [6]. The table below contains the descriptive statistics
for all data.
Table 1: Descriptive Statistics
Descriptive S tatistics
(60 Months from 2010 to 2014)
M ean
Price
(Baht/kWh)
Generation
(kWh)
Import
(kWh)
Export
(kWh)

S.D.

M in

3.2.1 Unit Root Test
Before time series analysis is conducted, the Augmented
Dickey-Fuller (ADF) unit root test is employed to check for
stationarity [11]. From Table 2, the ADF unit root test results
offer evidence of non-stationarity for electricity price which is
the dependent variable. As a result, to avoid the non-stationary
process, taking first differences (Δ) of all variables is
recommended.
Table 2: Unit Root Test Results

M ax

2.81

0.23

2.43

3.16

14,355.46

1,082.54

12,244.12

16,754.97

Augmented Dickey-Fuller Test S tatistic (ADF)
Constant Term

Variable
889.78

341.85

143.13

1,596.69

119.21

55.28

19.14

250.76

Source: EGAT, 2016 [6]
Note: S.D., Min and Max indicate standard deviation,
minimum and maximu m respectively.
A time series regression model is suitable for evaluating the
effect of international trade on Thailand’s electricity
price, with care taken to properly account for trend and
seasonality. However, Figure 4 indicates no seasonal effect for
electricity price.

Level

1st diff

Conclusion

Price (lnP)

-1.147

Generation (lnG)

-3.685***

I(0)

Import (lnM )

-5.804***

I(0)

Export (lnX)

-4.606***

I(0)

-9.558***

I(1)

Note: *** illustrates significance at 1% level.
3.2.2 Correlation Test
This paper employs the Pearson correlation test to check
for multicollinearity, where high correlation exists between
two or more independent variables [12]. The results show no
high correlation among independent variables (see Table 3).
Table 3: Correlation Test Results of Independent Variables
Correlation Test Results
Δln (G)
Δln (G)

1

Δln (M )

0.535***

Δln (X)

0.217*

Δln (M )

Δln (X)

1
-0.061

1

Note: *** and * illustrate significance at 1% and 10% levels
respectively.

Figure 4: Electricity Prices in Thailand
Source: EGAT
To overcome the problem of different measurement scales
for the dependent variable (Baht per kilowatt hour: Baht/kWh)
and the independent variables (kilowatt hour: kWh), the
natural logarithms (ln) of all variables are taken. Furthermore,
Figure 4 shows that the data have exponential trending, so this
series cannot be fit by a linear trend unless the natural
logarithms are used.
3.2 Statistical Analysis

3.2.3 Testing for Serial Correlation
Consistency of results requires no serial correlation in the
error terms, which is tested by means of the Durbin-Watson
statistic [13; 14].
Price Equation 1:

 ln(Pt )    1 ln(Gt )   2  ln(M t )   3  ln( X t )   t
(1)
After running the regression (Equation 1), the DurbinWatson statistic result (2.44) indicates serial correlation may
be present. This paper adopts the method of adding lagged
values of the independent variables for dealing with the
problem of serial correlation.
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3.3 Empirical Models
This paper employs time series analysis to construct the
model of electricity price. The explanatory variables are
generation (G), import (M) and export (X). Such an approach
shows the effects of Thailand’s international electricity trade
on price. Using Δ as a difference operator, the model is
presented as below.

to show results of simple regression. Of the three ARCH
family models, the GARCH model is selected to explain the
findings because of giving the lowest values of Akaike
Information Criterion (AIC) which is -4.383, and Schwarz
Information Criterion (SIC) which is -4.134.
Table 4: Results of Time Series Analysis for Electricity Price
Thailand’s Electricity Price: Δ ln(P)
OLS

ARCH

Δ ln(G t)

0.040
(0.071)

-0.003
(0.057)

-0.079*
(0.043)

-0.051
0.054

Δ ln(M t)

-0.001
(0.011)

-0.004
(0.007)

0.030***
(0.010)

0.011
0.008

Δ ln(X t)

-0.003
(0.008)

-0.005
(0.006)

-0.004
(0.005)

-0.005
0.007

Δ ln(P t-1)

-0.223*
(0.133)

-0.218
(0.143)

-0.334**
(0.144)

-0.360
0.159

DW

2.148

2.175

1.896

1.940

AIC

-4.370

-4.348

-4.383

-4.354

SIC

-4.228

-3.993

-4.134

-4.069

Observation

58

58

58

Price Equation 2:

 ln( Pt )    1 ln(Gt )  2 ln( M t )  3 ln( X t )  4 ln( Pt 1 )   t
(2)
where t denotes years, εt is the error term and the lagged
dependent variable (Pt-1 ) accounts for the autoregressive
effects of the previous years.
3.4 ARCH, GARCH and TGARCH Effects
Engle (1982) [15] proposed a model called Autoregressive
Conditional Heteroskedasticity (ARCH) with the variation of
conditional variance. The ARCH model assumes that the
variance of the present error term or innovation is a function
of the actual dimensions of the previous time periods' error
terms, with the variance often related to the squares of the
previous innovations. Later, Bollerslev (1986) [16; 17]
proposed the Generalized Autoregressive Conditional
Heteroskedasticity (GARCH) model to overcome the higher
order ARCH problem. The conditional variance is dependent
on the previous squared errors and restricted variances of the
GARCH model [18]. Following this, the threshold GARCH
(TGARCH) model proposed by Zakoïan (1994) [19] extended
the Taylor-Schwert GARCH (TS-GARCH) model allowing
the conditional standard deviation to depend upon the sign of
the lagged innovations.
The empirical analysis of this study compares regression
coefficients of Ordinary Least Squares (OLS) [20; 21], as well
as results of the ARCH, GARCH and TGARCH models to
avoid Heteroskedasticity.
4. Results and Discussions
This study investigates whether increase in international
electricity trade can reduce price of electricity, with a view to
determining Thailand’s future energy policies. Estimation for
time series data determines the electricity price function, using
60 monthly data input from 2010 to 2014.

58

GARCH

Notes: (1) Standard errors in ( ).
(2) ***, ** and * illustrate significance at 1%, 5% and
10% levels respectively.
(3) DW, AIC and SIC indicate Durbin-Watson Test,
Akaike Information Criterion and Schwarz
Information Criterion respectively.
The results of the GARCH model show that a rise of 1% in
domestic generation decreases electricity price by about
0.08%. Surprisingly, a rise of 1% in electricity import is seen
to increase price by about 0.01%, with the result being highly
significant. For electricity export there appears no effect on
price, holding everything else constant.
With the aim of avoiding biased results, the serial
correlation test, the heteroskedasticity test (ARCH effect) and
the test for normal distribution are employed in checking with
regard to the GARCH model. The results show no serial
correlation and no ARCH effect. In addition, residuals are
found to be normally distributed (see Figure 5).
12

Series: Standardized Residuals
Sample 2010M03 2014M12
Observations 58

10

8

6

4.1 Time Series Analysis Results
Table 4 compares time series analysis results of Thailand’s
electricity price for four models. The OLS model is employed

TGARCH

4

2

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

0.064680
-0.120018
2.876790
-2.252414
1.008963
0.080356
3.051099

Jarque-Bera
Probability

0.068729
0.966219

0
-2

-1

0

1

2

3
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Figure 5: Normal Distribution of Residuals

4.1 Discussions
Even though domestic generation can decrease electricity
price, as mentioned by Hill (2016), electricity planning in
many developing countries, like Thailand, involves a number
of complications. The capital-intensive nature of industry in
any economy can be a drain on scarce finance, while lack of
energy resources poses a constant threat. In addition, Thailand
faces protests by Non-government Organizations (NGO) and
local people against further construction of coal-powered
electricity plants. The goal for policy makers is to raise
community awareness with regard to the reality of current
energy requirements, as well as devise strategies towards
achieving the optimal balance between energy security and
environmental protection.
Furthermore, consideration needs to be given as to why
electricity import may not be economically favourable.
Results of this study show that electricity import increases
price with a high level of significance. This might be due to
different energy regulations across countries resulting in
obstructions to harmonious trade negotiations. Not every
country can have every need fulfilled, leading to difficulties in
maximizing energy efficiency [22]. The suggestion, therefore,
is that Thailand should seek more electricity co-operation with
neighbouring countries with a view to increasing the
efficiency of international trade. When security of electricity
supply goes up, and cost of production and price of electricity
goes down, the outcome is a rise in the standard of living for
the people of Thailand.
5. Conclusions
Electricity import can be an effective component of
electricity supply measures. While such trade with
neighbouring countries has implications for Thailand’s energy
security, it may well reduce the cost of power generation and
electricity prices. This paper examines the impact of electricity
import, export and generation on the price of electricity for
Thailand. A period of 60 months from 2010 to 2014 provides
data for time series analysis to determine electricity prices,
while linear least squares regression is used to construct the
model of electricity price function. As anticipated, it is found
that increasing domestic electricity generation appears to
reduce electricity prices. However, in an unexpected finding,
increase in electricity import appears to raise electricity
prices. One possible explanation for this is that different
energy regulations across countries may pose a restriction on
the efficiency of trade negotiations. The difficulty for policy
makers lies in extracting maximum advantage from electricity
trade with a view to reducing electricity prices, while at the
same time safeguarding national energy security.
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