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Abstract

This paper is to examine the causal relationship between renewable energy consumption and
human development via human development index in order to find out how renewable energy
influences the process of human development in the short- and long- run. The results from
ARDL model indicate that in the long run, the use of renewable energy has a positive impact
on human development in Thailand. It is due to the utilization of biomass and solar energy
as well as onshore wind power. Hydropower in turn shows a limit to benefit for human
development process in the short- and long- run. The result of environmental condition
confirms an existence of human development process from renewable energy use although
carbon dioxide emissions from fossil fuel combustion has a short-run positive impact on
human development in Thailand. Nonetheless, alternative pathway for participation in human
development would intend to support potential emission reductions through a boost of
renewable energy rather than intend to achieve emission control over a limit to the fossil fuels
burning directly, in particular the use of biomass, solar energy, and onshore wind power

The result of causality confirms bidirectional relationship between renewable energy
consumption and human development in Thailand. This reflects that the use of renewable
energy benefits human development. Likewise, the process of human development leads to
the deployment of renewable energy. However, the outcome of renewable energy tends to be
not immediately existed based on the result of impulse response function, which appears over
the fifth period. Besides, the result of causality also shows that unidirectional relationship
between economic growth and human development is in a negative way when entering into
the third period. This reflects that economic growth contributes to the process of human
development partially and seems to be less important for human development process in the
future. In this respect, these novel findings of the study would help policymaker to better
understand alternative pathways for participation in human development index (HDI) beyond
the effect of economic growth.
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Figure 1. Graph of Differenced HDI, RE, GDP, CO2, and TR from 1991 to 2017

Source: Calculated
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dinszaelagseununas irlinmsnaaeou
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Variable HDI RE GDP CO2 TR RE1 RE2 RE3
Mean 0.672 2.161 26.290 1.187 4.707 0.451 1.340 0.316
Std. Dev. 0.056 0.209 0.314 0.312 0.211 0.043 0.318 0.137
Jarque-Bera  2.289 1.911 1.453 2.641 3.418 3.433 1.348 3.132
Probability 0.318 0.385 0.483 0.266 0.181 0.179 0.509 0.163
observation 28 28 28 28 28 28 28 28

Table 1. Descriptive Statistics
Source: Author’s estimations

Note: RE1 RE2 and RE3 indicate hydropower, biomass as well as solar energy and onshore wind power
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Table 2. DF-GLS Unit Root Test and Zivot-Andrews Unit Root with Structural Break Test

Variable DF-GLS Test Statistic Zivot-Andrews Structural Break Test Statistic
At Level At First At level Time At First Time
t-stat Difference t-stat Break Difference Break
(prob) t-stat (prob) t-stat
(prob) (prob)
HDI 0.048 -1.980" -3.298 2008 -5.907™" 2008
(0.962) (0.06) (0.178) (0.003)
RE -0.065 -3.177 -3.140 2007 -7.389™" 2008
(0.949) (0.004) (0.376) (0.006)
GDP 0.215 -3.305™" -4.533 1999 -5.478™" 1997
(0.832) (0.003) (0.428) (0.003)
Cco2 -0.332 -3.510™" -4.191 1998 -5.409™ 1997
(0.742) (0.002) (0.236) (0.049)
TR -1.023 -5.994™ -3.336 2001 -6.278"™ 1997
(0.314) (0.000) (0.296) (0.024)
RE1 -0.446 -3.963™ 1.080 2001 -3.257" 1998
(0.981) (0.026) (0.161) (0.095)
RE2 -0.306 -3.655™"" -0.193 2007 -3.723™ 2008
(0.762) (0.002) (0.928) (0.010)
RE3 0.193 3.584™ 0.795 2007 2.880" 2007
(0.928) (0.013) (0.954) (0.061)

Source: Author’s estimations

Notes: 1) *** shows the level of 1% significance level, ** shows the level of 5% significance level, and *

indicates the level of 10% significance level

2) RE1 RE2 and RE3 indicate hydropower, biomass as well as solar energy and onshore wind power
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Table 3. Results of ARDL Cointegration Bounds Test

Dependent Variable F 95% Lower 95% Upper Cointegration
Statistic Bound Bound
F (HDI-RE GDP CO2 TR) 5.536 2.620 3.793 Yes
F (RE-HDI GDP CO2 TR) 7.357 2.620 3.793 Yes
F (GDP-HDI RE CO2 TR) 4.529 2.620 3.793 Yes
F (CO2-HDI RE GDP TR) 5.237 2.620 3.793 Yes
F (TR-HDI RE GDP CQO2) 3.999 2.620 3.793 Yes
F (RE1-HDI GDP CO2 TR) 2.842 2.620 3.793 Inconclusive
F (RE2-HDI GDP CO2 TR) 2.954 2.620 3.793 Inconclusive
F (RE3-HDI GDP CO2 TR) 1.976 2.620 3.793 No

Source: Author’s estimations

Notes: 1) Critical value of upper and lower bounds are obtained from Narayan (2005)
2) RE1 RE2 and RE3 indicate hydropower, biomass as well as solar energy and onshore wind power
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Table 4. Estimated Long Run and Short Run Coefficients of the HDI using the ARDL

Approach
Variable Aggregated Renewable Energy Model Disaggregated Renewable Energy
Model
Coefficient  t-Statistic  Probability = Coefficient t-Statistic Probability
Long Run Dynamic Results
RE 0.087** 5.529 0.000 - - -
RE1 - - -0.017* -2.041 0.059
RE2 - - 0.054™** 5.190 0.000
RE3 - - 0.025™* 2971 0.008
GDP -0.048" -2.129 0.057 -0.037** -5.841 0.000
Co2 0.026 1.059 0.277 0.034 2.016 0.174
TR -0.053"** -3.882 0.008 -0.036 -0.700 0.492
Short Run Dynamic Results
ARE -0.094™ -2.713 0.022 - - -
ARE1 - - -0.032" -1.962 0.065
ARE2 - - -0.049" -2.041 0.059
ARE3 - - 0.017 0.829 0.420
AGDP -0.058™** -4.986 0.000 -0.064™" -2.949 0.009
ACO2 0.029* 2.196 0.052 0.032* 2.693 0.017
ATR -0.027* -1.956 0.079 -0.022 -0.368 0.717
CointEq (-1)  -0.313"" -4.807 0.000 -0.429™ -5.184 0.000
Adjusted R Square 0.831 0.643
F-Statistic 317.720 124.145(0.000)
(0.000)
Serial Correlation (3?) 1.244 (0.527) 0.081 (0.773)
Heteroskedasticity (x?) 1.862 (0.185) 1.416 (0.237)
Normality (x?) 1.810 (0.404) 1.706 (0.426)
RESET () 2.218 (0.136) 1.617 (0.190)

Source: Author’s estimations

Notes: 1) *** ** and * indicate the level of significance at 1%, 5%, and 10% respectively
2) RE1 RE2 and RES3 indicate hydropower, biomass as well as solar energy and onshore wind power
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Table 5. Results of VECM Granger Causality

Variable Long Run Short Run Causality (x?)
Causality (x»

ECMt1 HDI RE GDP COo2 TR
HDI -0.328™ - -7.649™ -3.175" 0.181 0.230

(0.033) (0.006) (0.075) (0.671) (0.632)
RE -2.769" 3.174° - 1.726 3.032° 0.218

(0.092) (0.076) (0.189) (0.085) (0.641)
GDP -0.688 0.041 0.664 - 0.601 1.204

(0.417) (0.838) (0.415) (0.889) (0.174)
Cco2 2.121 0.781 0.034 1.452 - 0.047

(0.195) (0.377) (0.853) (0.228) (0.827)
TR -1.990 0.058 2.561 0.137 2.640 -

(0.207) (0.738) (0.109) (0.711) (0.104)

Source: Author’s estimations

Note: *** ** and * indicate the level of significance at 1%, 5%, and 10% respectively
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Figure 3. Results of Impulse Response Function
Source: Calculated
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Table 6. Results of Variance Decomposition of HDI

Period S.E. HDI RE GDP CO2 TR
1 0.0023 100.00 0.000 0.000 0.000 0.000
2 0.0036 80.815 4.586 8.866 1.421 4.312
3 0.0046 82.539 3.493 9.619 1.004 3.345
4 0.0051 84.092 2.406 9.112 1.022 3.368
5 0.0054 82.156 5.829 7.007 1.660 3.348
6 0.0057 81.725 7.648 5.252 2.156 3.219
7 0.0060 78.471 11.761 4.326 2.469 2.973
8 0.0063 76.952 14.430 3.206 2.672 2.740
9 0.0065 74537 16.984 2.994 2.941 2.544
10 0.0067 73.305 18.189 2.783 3.335 2.388
Source: Author’s estimations
Table 7. Results of Variance Decomposition of RE
Period S.E. HDI RE GDP CO2 TR
1 0.0178 8.895 91.105 0.000 0.000 0.000
2 0.0250 7.325 86.809 2.877 2.026 0.963
3 0.0274 6.381 87.740 3.262 1.704 0.913
4 0.0285 8.453 84.001 3.358 3.277 0.911
5 0.0290 8.939 82.699 3421 4.044 0.897
6 0.0293 9.865 81.175 4.126 3.955 0.879
7 0.0299 11.428 78.512 5.038 4.168 0.851
8 0.0306 13.171 75.361 5.733 4.919 0.814
9 0.0313 14.642 72.536 6.257 5.788 0.777
10 0.0320 15.580 70.608 6.667 6.399 0.746

Source: Author’s estimations
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