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OWNERSHIP AND ENERGY CONSUMPTION IN VIETNAM:

A PANEL DATA ANALYSIS OF ECONOMIC SECTORS

Pham Thi Ha†

This study empirically examines the relationship between total energy including electricity, coal,

coal briquette, engine/motor oil, kerosene, fuel oil, diesel, LPG, and natural gas for three economic

sectors including state economic sector, non-state economic sector and foreign economic sector in

Vietnam from 2000 to 2015. The results indicate that Vietnamese economy is an energy-dependent

economy; the non-state economic sector depends on energy consumption significantly, whereas the

foreign economic sector is opposite. The result of state economic sector is insignificant statistically,

therefore it is inconclusive. Besides, the results suggest that coal and coal briquette are important

fuel for economic growth, especially for the foreign economic sector.

Keywords: output, energy consumption, state economic sector, non-state economic sector, foreign

economic sector.

１．Introduction

This paper asks whether plants controlled by foreign multinational corporations (MNCs) used

energy (defined as electricity, coal, coal briquette, engine/motor oil, kerosene, fuel oil, diesel, LPG, and

natural gas) more efficiently than local plants covered in Vietnam during the period between 2000 and

2015. Answering this question is important because energy consumption is a large source of portion

of pollution (mainly air pollution) generated by manufacturing plants. Greater energy conservation

generally implies increased energy efficiency and is an important way to limit or reduce related

pollution. Correspondingly, if foreign MNCs produce efficiently than local plants or firms in host

economies as often asserted, they may contribute directly to lower pollution intensity in the host and

may also help create spillovers that lead local plants and firms to adopt more energy-saving

technologies.
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Eskeland and Harrison (2003) is one of the few, recent studies using micro-data to investigate this

question in developing economies. One of their main findings (p. 21) was “foreign plants are

significantly more energy-efficient and use cleaner types of energy” than their local peers in Coˆte

dʼIvoire, Mexico, and Venezuela. In a related study of provincial data, He (2006) provides evidence

that FDI enterprises produce “with higher [SO2] pollution efficiency”, but that stronger environmental

regulation has simultaneously, though moderately, deterred FDI among Chinese provinces.

Earnhart and Rizal (2006) focus on the effects of financial performance and privatization on

environmental performance, but their results also indicate foreign ownership was usually an

insignificant determinant of pollution in Czech firms.

This paper will contribute to energy economics literature and Vietnamese economy in at least a few

ways. First, this study analyzes the relationship between economic growth and energy consumption

in Vietnam using panel data for total of three economic sectors in Vietnam including state economic

sector, private economic sector and foreign economic sector for the period from 2000 to 2015.

Second, energy consumption includes nine groups of energy that is, electricity, coal, coal briquette,

engine/motor oil, kerosene, fuel oil, diesel, LPG, and natural gas. Thus, it is strongly believed that the

findings of this study would be a reliable and suitable basis for policymaking. The rest of this paper

is organized as follows. Section 2 reviews literature, Section 3 discusses the theoretical framework,

data, and methodology in this study. The results and conclusions are presented in Section 4 and 5,

respectively.

２．Literature review

MNCs will tend to be relatively efficient producers compared to non-MNCs at least in some respect

thanks to have relatively large amounts of knowledge-based and intangible assets. And this

relatively high efficiency could involve the MNCs becoming more energy efficient and/or polluting

less as part of efforts to facilitate increased demand among consumers and minimize production costs

related to energy and pollution abatement. Moreover, because MNCs tend to be relatively R&D- and

patent-intensive, and because technologies for clean energy and pollution control usually require

relatively sophisticated, technological inputs, it is logical to expect that MNCs are relatively efficient

producers and consumers of goods and services that promote energy efficiency and pollution

reduction. For example, evidence from Cole et al. (2006) suggests that Japanese firms with FDI tend

to have better environmental performance (pollute less and manage emissions better) than firms

without FDI. This is consistent with the notion that MNCs are both better able to and more highly

motivated to pollute less than other firms. Although limited, most of the existing literature on

energy intensities indicates that MNCs tend to be relatively energy efficient, and thus tend to pollute

less, than local counterparts. However, even if MNCs are relatively energy efficient or pollute
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relatively little, they may still contribute to higher absolute pollution levels if they stimulate

substantially higher production levels.

A study of Indonesian plants in 2002-2006 by Hartono et al. (2011) indicates that local, private plants

tended to have significantly higher energy intensities than state-owned enterprises (SOEs, which is

the control group in their study), but that MNC-SOE differentials in energy intensities were not

significant statistically. In other words, their evidence suggests that MNCs and SOEs use with

similar efficiency and that SOEs are more energy efficient than private plants. Ramstetter et al

(2012) examined energy efficiency differentials between foreign multinational corporations (MNCs)

and local plants in Thai manufacturing using data on medium-large plants from the industrial census

for 2006. Both descriptive statistics and results of econometric estimation indicate that MNCs had a

moderate tendency to use energy relatively efficiently, especially in food products, plastics, basic

metals, and non-metallic mineral products. However, differences in energy intensities between

MNCs and local plants were not common, suggesting that both groups of plants generally used

energy with similar efficiency. In other paper, Ramstetter et al (2013) examined whether foreign

MNEs used energy more efficiently than their local counterparts in samples of medium‒large plants

in the manufacturing sectors of Malaysia, Indonesia, and Thailand during 1996-2006. The results

reveal that the influences of plant-level factor usage and technical characteristics, foreign

multinational enterprises (MNEs) used fuel and total energy more efficiently than local manufacturing

plants in about one-third of Malaysiaʼs large energy using industries. MNE-local or MNE-private

differentials were insignificant, however, in most industries for electricity in Malaysia; total energy,

electricity and three fuels (diesel, natural gas, and coal) in Indonesia; and total energy in Thailand. In

short, MNEs and local or private plants generally used purchased energy with similar efficiency,

probably because they faced similar host country policies and used similar energy technologies.

In Vietnam, state-owned enterprises are expected to be more responsive to the public or

government needs that private firms and the government has emphasized how state-owned

enterprises should play leading roles in industry and that private firms should seek to cooperate with

state-owned enterprises (Vu 2005, pp. 304-306). Thus, if the government puts a priority on low

pollution and/or abatement of emissions, then it is reasonable to expect that SOEs might be more

motivated to pollute less and abate more than private firms. However, it is difficult to argue

convincingly that the Vietnamese government has put a high priority on pollution reduction or

abatement in the last decade, for example, or that the government has emphasized energy efficiency

or low pollution when operating its SOEs. Thus, if the SOEs in Vietnam pollute relatively little, it is

probably more related to differences in technical characteristics of the firms and the fact that the

Vietnamese government chooses to own SOEs that are often relatively sophisticated technologically

compared to private firms. As in the comparison of MNCs and non-MNCs, the fact that one group

possesses more technology-related assets than the other is the key, differentiating characteristic.
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３．Methodology and data

3.1. Methodology

3.1.1. Panel unit roots

We apply Levin et al (1993) (LLC), lm et al (1997) (IPS), Maddala and Wu (1999) (MW, ADF) and

Maddala and Wu (1999) (MW, PP) panel unit root tests to check the stationarity properties of the

variables. These tests apply to a balanced panel but the LLC can be considered a pooled panel unit

root test, IPS represents a heterogeneous panel test and MW panel unit root test is a non-parametric

test.

3.1.2. Panel cointegration

We then proceed to examine whether there exists any long-run equilibrium relationship between

the variables under investigation. We resort to Pedroni (1999, 2001, and 2004) and Kao (1999) panel

cointegration tests.

Pedroni (1999) uses the following cointegration equation:

GDPi,t＝αi＋β1iEC1i,t＋…＋βmiECmi,t＋μit ⑴

Where GDP is real per capita GDP and EC is per capita energy consumption including electricity,

coal, coal briquette, engine/motor oil, kerosene, fuel oil, diesel, LPG, and natural gas; subscripts i and t

represent economic sector and year, respectively. GDP and EC are assumed to be integrated of

order one. The specific intercept term αi and slope coefficients β1i, β2i,..,βmi vary across individual

members of the panel. Pedroni (1999, 2004) proposed seven different statistics to test for

cointegration relationship in a heterogeneous panel. These tests are corrected for bias introduced by

potentially endogenous regressors. In the presence of cross-sectional dependence, Pedroni suggests

the inclusion of common time dummies to eliminate this effect. Pedroni considers seven different

statistics, four of which are based on pooling the residuals of the regression along the within-

dimension (panel test) of the panel. The other three are based on pooling the residuals of the

regression along the between-dimension (group test) of the panel. The within-dimension tests take

into account common time factors and allow for heterogeneity across individuals. The between-

dimension tests are the group-mean cointegration tests, which allow for the heterogeneity of

parameters across individuals.

Kao (1999) proposed Dickey Fuller (DF) and ADF-type test for ε, where the null is specified as no

cointegration.

― 18 ― 経済論究第164・165合併号



3.1.3. Panel Fully Modified OLS (FMOLS) Estimates

If all the variables are cointegrated, the next step is to estimate the associated long-run

cointegration parameters. In the presence of cointegration, the OLS estimator is known to yield

biased and inconsistent results. For this reason, several estimators have been proposed. For

example, Kao and Chiang (2000) argue that their parametric panel dynamic OLS (DOLS) estimator

(that pools the data along the within the dimension of the panel) is promising in small samples and

performs well in general in cointegrated panels. However, the panel DOLS of Kao and Chiang (2000)

does not consider the importance of cross-sectional heterogeneity in the alternative hypothesis. To

allow for cross-sectional heterogeneity in the alternative hypothesis, endogeneity, and serial

correlation problems to obtain consistent and asymptotically unbiased estimates of the cointegrating

vectors, Pedroni (2000, 2001) proposed the group mean fully modified OLS (FMOLS) estimator for

cointegrated panels

3.1.4. Panel VECM causality

We estimate a panel based vector error correction model (VECM) with a dynamic error correction

term based on the analysis in Holtz-Eakin et al (1988, 1989). The following VECM models are used to

test the causality relation between variables:

ΔGDP=π+∑


πΔGDP+∑


πΔEC+μECT+v ⑵

ΔEC=π+∑


πΔEC+∑


πΔGDP+μECT+v ⑶

Where Δ is the lag operator and p denotes the lag length. The specification in Equation⑵ allows

for testing the causality direction. For example, in the short − run, the EC does not Granger cause

GDP where H：π=0 for all i and p, while μ=0 in equation ⑵. The rejection implies that EC→

GDP, supporting the growth hypothesis. Similar analogous restrictions and testing procedures can

be applied in testing the hypothesis that GDP does not Granger cause movement in EC, where the null

hypothesis H：π=0 for all i and p, while μ=0 in equation ⑶.

Similarly, we estimate a panel based vector error correction model for GDP, and each kind of

energy.

3.2. Data

Annual data from 2000 to 2015 for three economic sectors including state economic sector, non-

state economic sector and foreign economic sector in Vietnam were utilized for the study. The

energy consumption including electricity, coal, coal briquette, engine/motor oil, kerosene, fuel oil,

diesel, LPG, and natural gas were obtained from the statistical yearbooks of General Statistics Office of

Vietnam. In this study, per capita total energy consumption is expressed in terms of millions

Vietnam dong, and real per capita GDP is expressed in constant 2000 billion Vietnam dong. All

variables are transformed into natural logarithms to reduce hetetoskedasticty.
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４．Empirical results

4.1. Panel unit root results

Appendix 1 presents the estimated results of unit root tests at level and first difference. These

results are calculated by applying panel unit root tests: LLC, LM, ADF, and PP on each selected

variable without trend, with trend and without trend and intercept. Our empirical findings illustrate

that all variables (without trend and intercept) are non-stationary in their level form. However, all

the series are stationary at first difference. Thus, we reject the null hypothesis of non-stationary at

1% level of significance and conclude that all series are integrated of order one I (1) in the panel of

three economic sectors in Vietnam.

4.2. Panel cointegration results

From the panel cointegration result in Table 1, for Kao (1999) panel cointegration test, we reject the

null hypothesis of no cointegration using the ADF-type statistics; this suggests that the variables in

the model for all economic sectors are cointegrated and move together in the long-run. Thus we find

that GDP and 9 groups of energy are cointegrated in the panel setting for the same period1.

At the same time, the causality relationship between per capita GDP and total energy (including 9

groups of energy) is also estimated. From Table 2, we find pretty strong evidence to reject the null

hypothesis of no cointegration for six statistics out of seven statistics provided by Pedroni (1999, 2001,

2004). The result of Kao test illustrates that per capita GDP and total energy are cointegrated in the

panel for the period from 2000 to 2015.
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１ We cannot apply Pedroni residual cointegration test for the model of GDP and 9 groups of energy due to the number
of variables are greater than 7 ones, and it cannot be applied this test.

Table 1. Kao conintegration test for GDP and 9 groups of energy

Kao Residual Cointegration test

Test ADF

Statistic -3.0757

P-value 0.0010



4.3. Panel FMOLS Estimates

Having established cointegration in the long-run, we estimate the long-run parameters of the model

by using the FMOLS technique. The FMOLS corrects the standard OLS for the bias induced by

endogeneity and serial correlation of the regressors (Lee, 2005). The elasticity of energy

consumption is important for understanding the past and assessing future economic dynamics. It

represents the weights with which the marginal relative changes of the energy consumption

contributes to the relative change of output (Lee et al., 2008).
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Table 2. Panel Cointegration Tests Results for GDP and total EC

Note: Probability values are in parenthesis

A: Pedroni Residual Cointegration test

Panel cointegration statistics (within-dimension)
Group mean panel cointegration satistics

(between-dimension)

Test
Panel

v-Statistic

Panel rho-

Statistic

Panel PP-

Statistic

Panel

ADF-Statistic

Group rho-

Statistic

Group PP-

Statistic

Group

ADF-Statistic

Statistic 1.5365 -1.6470 -3.5193 -4.1855 -1.0953 -5.9574 -5.9513

P-value 0.0622 0.0498 0.0002 0.0000 0.1367 0.0000 0.0000

B: Kao Residual Cointegration test

Test ADF

Statistic -2.3829

P-value 0.0086

Table 3. FMOLS estimates

Note: The values in parentheses are the t-statistics. Asterisks ***, ** and * denote significance at 1, 5 and 10 per cent

levels, respectively.

No Engergy Panel estimates
State economic

sector

Non-sate

economic sector

Foreign economic

sector

1 Electricity -0.5357** 0.0899 0.0180 0.2183

2 Coal -0.0415 -0.0314 -0.2570* 0.6705***

3 Coalbr 0.07352** 0.1339 0.1700*** 0.0822**

4 Engineoil -0.1430*** -0.2033*** -0.2365*** 0.3108**

5 Kerosene -0.1429** -0.2506** -0.1217* -0.1478

6 Fueloil -0.0531 0.0998* -0.2046** 0.193

7 Diesel -0.2645 0.0371 -0.7424** 2.0730***

8 Natural Gas 0.0544 0.1284 0.3660*** -0.1998**

9 LPG 0.0956 0.0621 0.0516 0.1876

10 EC 1.3693** 0.3026 1.1448** -2.6978**



Table 3 reports the results of the long-run estimates for three economic sectors in Vietnam and the

panel estimates based on Pedroniʼs group mean FMOLS estimator. The panel results of the

regression equation with real per capita GDP as the dependent variable illustrate that the coefficient

of total energy is positive and statistically significant at 5 per cent significance level. A one per cent

increase in energy consumption leads to around 1.3696 per cent increase in real per capita GDP. The

coefficient of total energy consumption is greater than 1; it suggests that Vietnamese economy is an

energy dependent one. This is consistent with Tang et al (2016). When we consider different kinds

of energy, only four out of nine coefficients are significant. The coefficient of coal briquette is positive

and significant at 5 per cent level. It illustrates that a one per cent increase in coal briquette will

result in approximately 0.073 per cent in GDP growth. By contrast, the coefficients of electricity,

engine oil, and kerosene are significant at 1 and 5 per cent level but they are negative. These results

reveal that the use of these fuels is decreasing in Vietnamese economy, and they are switching to new

kinds of energy.

In state economic sector, the coefficient of total energy is positive, but it is insignificant.

Specifically, three out of nine coefficients are significant. The coefficient of fuel oil is positive and

significant at 5 per cent level, it suggests that fuel oil is very important fuel in the state economic

sector, and it will contribute to approximately 10 per cent the total output of the state economic sector.

The coefficients of engine oil and kerosene are the same to panel estimates; hence it has the same

pattern to the panel results.

When it comes to non-state economic sector, the coefficient of total energy is significant and it is

greater than 1, it suggests that the non-state economic sector depends greatly on energy

consumption, especially coal briquette and natural gas when their coefficients are 0. 17, 0. 366

respectively and significant at 1 per cent level. In addition, the coefficients of coal, engine oil, fuel oil

and diesel are significant, but they are negative. Also, this evidence suggests that the non-state

economic sector is less energy efficient. This is consistent with Hartono et al. (2011).

Interestingly, in the last economic sector, the coefficient of total energy is negative significantly

(-2.6978). It shows that the foreign economic sector is an independent-energy sector, otherwise

whether foreign MNEs used energy more efficiently than their local counterparts in samples. This is

supported by Ramstetter et al (2013). In detail, the coefficients of coal, coal briquette, engine oil and

diesel are significant statistically, and they contribute approximately 0.67, 0.08, 0.32, and 2.07 per cent

to the growth of output. In contrast, the coefficient of natural gas is negative statistically. These

results suggest that in the foreign economic sectors, enterprises tend to use energy more efficiently

than local ones; however they use coal, and coal briquette significantly, which result in increasing the

level of pollution in Vietnam.

― 22 ― 経済論究第164・165合併号



4.4. Panel Granger Causality Test Results

Once the long-run estimates have been determined, we turn to the causality linkages. Table 4

reports panel Granger causality between economic growth and total energy consumption. In GDP

equation, ECT is significant at 10 per cent level but it is positive, indicating that there is no long run

causality from energy consumption to GDP. Since the estimated coefficients of the explanatory

variables are statistically insignificant; hence there is no short-run causality linkage from energy

consumption to outputs.

In the EC equation, ECT is negative and significant statistically at 1 per cent level; therefore there is

long-run causality from GDP to EC; but there is no short-run causality from GDP to EC.

Table 5 reports Granger causality between GDP and each kind of energy consumption. For the

GDP equation, there is short-run causality from natural gas to GDP, whereas there is not any causality

from GDP to each kind of energy consumption. For the coefficients of ECT, only in the equation of

coal, there is long-run causality from GDP and electricity, coal briquette, engine/motor oil, kerosene,

fuel oil, diesel, LPG, and natural gas. This evidence suggests that coal is one of crucial fuels for the

development of Vietnamese economy.

All in all, from the panel results of FMOLS test and panel Granger causality test, energy

consumption brings a positive impact on the outputs in the long-run, and in the short-run, there is no

Granger causality among variables. The non-state economic sector is energy dependent, while the

foreign economic sector is energy independent increase the outputs. However, coal and coal

briquette contribute significantly on the outputs of the foreign-economic sector. The outcome of

state-economic sector is inconclusive, and this is supported by Ramstetter (2011).
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Table 4. Panel Granger Causality test results

Note: Wald F-statistics reported with respect to short-run changes in the independent variables. ECT represents the

coefficient of the error correction term. Values in [ ] are t-ratios. ***, * Significance at 1%, 10 % level, respectively.

Source of causation (independent variables)

Dependent

variables

Δlngdp

Short run
Δlnec

ECT

Long run

Δlngdp - 0.2560 0.0078*

- 1.6168 [1.7624]

Δlnec -0.3152 - -0.0791***

[-1.6582] - [-4.2213]
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５．Conclusion

Using panel estimation for three economic sectors in Vietnam, this study empirically examines the

relationship between total energy including electricity, coal, coal briquette, engine/motor oil,

kerosene, fuel oil, diesel, LPG, and natural gas. We find that the variables were in a stationary fashion

in their first differences or were in an I(1) process. The panel cointegration results reveal a long-run

equilibrium relationship among the variables, and it indicates that Vietnamese economy is an energy-

dependent economy. When we consider each economic sector separately, the non-state economic

sector depends on energy consumption significantly, whereas the foreign economic sector is opposing.

The result of state economic sector is insignificant statistically, therefore it is inconclusive. Besides,

the results suggest that coal and coal briquette are important fuel for economic growth, especially for

the foreign economic sector.

From the Granger causality test, there is no short-run causality relationship between the output

and energy consumption, except for the model of coal.

The research results reveal that high level of energy consumption results in a high level of outputs,

but not vice versa. Thus, for the policy perspective, the Vietnamese government can pursue energy

policies that aim at curtailing energy use for environmental-friendly development purposes. At the

same time, the market competitiveness of the traditional energy market and renewable energies

could be gradually established, and improve alternative sources of energy or renewable energy such

as hydropower, forest and biomass power, wind and solar power, and geothermal power. These

suggestions in line with the National Plan for Environment and Sustainable Development which aims

to develop the eco-friendly energy sector in Vietnam.

This study just focuses on the bivariate causality tests for energy consumption and economic

growth for three economic sectors in Vietnam during the period from 2000 to 2015. Further studies

can be done by using longer time series and using data by industry for the state-economic sector, non-

state economic sector, and foreign economic sector.
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