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A VECM Analysis of the Impact of Economic Growth and 
Investment on Electricity Consumption in Indonesia  

 
 

Abstract. This paper employs a Vector Error Correction Model (VECM) analysis to investigate the influence of economic growth (GDP) and 
investment (FDI) on electricity consumption (EPC) in Indonesia. By examining annual data from 1971-2019, the study explores the short-term 
dynamics and long-run equilibrium relationships among the variables. A negative relationship is observed between EPC and GDP in the long run, 
while a negative relationship exists between EPC, GDP, and FDI in the short term. The short-run analysis reveals that GDP significantly influences 
EPC at the three-year horizon, and FDI has a significant negative effect on EPC at the one- and two-year horizons. Another result concerning the 
causality test indicate a unidirectional relationship between EPC and GDP, while EPC and FDI exhibit bi-directional causality. The findings 
underscore the influential role of GDP and FDI in driving changes in EPC. Understanding these relationships is crucial for policymakers and energy 
planners in effectively managing electricity demand, infrastructure investments, and sustainable economic growth. This research contributes to the 
existing literature by providing insights specific to Indonesia, guiding decision-making processes regarding energy infrastructure development, 
energy efficiency measures, and sustainable economic development. 
 
Streszczenie. W artykule wykorzystano analizę Vector Error Correction Model (VECM) w celu zbadania wpływu wzrostu gospodarczego (PKB) i 
inwestycji (BIZ) na zużycie energii elektrycznej (EPC) w Indonezji. Analizując dane roczne z lat 1971-2019, badanie bada krótkoterminową dynamikę 
i długookresowe relacje równowagi między zmiennymi. W długim okresie obserwuje się ujemną zależność między EPC a PKB, podczas gdy w 
krótkim okresie istnieje ujemna zależność między EPC, PKB i BIZ. Analiza krótkookresowa ujawnia, że PKB istotnie wpływa na EPC w horyzoncie 
trzyletnim, a BIZ mają znaczący negatywny wpływ na EPC w horyzoncie rocznym i dwuletnim. Kolejny wynik dotyczący testu przyczynowości 
wskazuje na jednokierunkową zależność między EPC a PKB, podczas gdy EPC i BIZ wykazują dwukierunkową przyczynowość. Odkrycia 
podkreślają wpływową rolę PKB i BIZ w napędzaniu zmian w EPC. Zrozumienie tych zależności ma kluczowe znaczenie dla decydentów i planistów 
energetycznych w skutecznym zarządzaniu zapotrzebowaniem na energię elektryczną, inwestycjami w infrastrukturę i zrównoważonym wzrostem 
gospodarczym. Badania te wnoszą wkład do istniejącej literatury, dostarczając spostrzeżeń specyficznych dla Indonezji, kierując procesami 
decyzyjnymi dotyczącymi rozwoju infrastruktury energetycznej, środków efektywności energetycznej i zrównoważonego rozwoju gospodarczego. 
(Analiza VECM dotycząca wpływu wzrostu gospodarczego i inwestycji na zużycie energii elektrycznej w Indonezji) 
 
Keywords: Vector Error Correction Model, economic growth, investment, electricity consumption, Indonesia. 
Słowa kluczowe: Vector Error Correction Model, wzrost gospodarczy, inwestycje, zużycie energii elektrycznej, Indonezja. 
 
 
Introduction 

The relationship between economic growth, investment 
(particularly foreign direct investment - FDI), and electricity 
consumption has received significant attention in the 
literature. Understanding this relationship is crucial for 
policymakers and energy planners in formulating effective 
strategies for sustainable energy development. In the 
context of Indonesia, a rapidly growing economy in 
Southeast Asia, it becomes imperative to examine the 
impact of economic growth and FDI on electricity 
consumption.  

A number of studies have investigated the relationship 
between economic growth and electricity consumption. For 
instance, in [1] conducted a study for the middle east and 
south Africa and found evidence of a positive relationship 
between economic growth and energy consumption. 
Similarly, in [2] examined OECD countries and observed a 
bidirectional relationship between GDP and non-renewable 
electricity consumption. Next a study for Tunisia found long-
run bi-directional causality between GDP and energy 
consumption [3]. For the impact of FDI on energy 
consumption, it has also been explored as can be found in 
the literatures [4-6]. In [4] investigated Pakistan countries 
and identified a positive relationship between FDI and 
energy consumption. In [5] focused on Bangladesh and 
found a bi-directional causality between FDI and energy 
consumption. Meanwhile in [6] analysed European 
countries and established a positive and strong relationship 
between FDI and energy consumption. 

Regarding methods for analysis, the VECM approach 
has been widely used in many studies. For example, in [7] 
employed a VECM framework to examine the relationship 
between CO2 emissions, energy consumption, and 
economic growth in Pakistan and found evidence of a 
positive and significant relationship between them. In [8] 

investigated the causal effects between CO2 emissions, use 
of energy, GDP, and population in India using ARDL and 
VECM methods and revealed a positive relationship 
between GDP and energy use. 

Moreover, country-specific studies have been conducted 
to explore the relationship between economic growth, FDI, 
and electricity consumption. For example, in [9] investigated 
the impact of renewable energy consumption, GDP, and 
FDI in Kazakhstan and Uzbekistan. Their study highlighted 
a two-way relationship between FDI and renewable energy 
comsumption in these two countries. In [10] analysed China 
and found a positive relationship between renewable 
energy, FDI, and economic growth. Besides that, several 
studies have examined the relationship between the two 
variables and energy consumption using advanced 
econometric techniques [11-14]. The authors in [11] 
conducted a causality analysis between energy 
consumption, FDI, and GDP for several countries (Mexico, 
Indonesia, Nigeria, and Turkey), and established a long-run 
equilibrium relationship between these variables. In [12] 
examined Benin countries and found a significant long-run 
relationship of electricity consumption, FDI, and GDP. In 
[13] focused on 13 MENA countries and observed a positive 
relationship between energy consumption, ICT, FDI, and 
economic growth. Another study in [14] employed a 
decomposition scale approach to investigate the impact of 
financial development and FDI on renewable energy 
consumption for 39 countries. 

The existing literatures provide valuable insights into the 
relationship between economic growth, FDI, and electricity 
consumption for some different countries. However, limited 
research has been conducted specifically for Indonesian 
context.  This study proposes a VECM approach to analyse 
the impact of economic growth and FDI on electricity 
consumption in Indonesia. The analysis focus on the short-
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term dynamics and long-run equilibrium relationships 
between the observed variables. Besides can fill the 
research gap, resulted information can provide more 
insights for decision-making processes regarding energy 
infrastructure development, energy efficiency measures, 
and sustainable economic development in Indonesia. Some 
related studies for the context of Indonesia can be found in 
[11, 15-16].  

The remainder of the paper organized as follows. The 
second section describes data and methodology. In Section 
3, the obtained results and analyses for each stage are 
highlighted. In the final section, the conclusion and future 
works of the study are presented. 
 
Methodology 
       The analysis in this study focuses on examining the 
relationship between Electric Power Consumption (EPC), 
Gross Domestic Product (GDP), and Foreign Direct 
Investment (FDI) in Indonesia over a period of 48 years, 
from 1971 to 2019. The data for each variable is obtained 
from the World Bank [17]. Figure 1 provides a visual 
representation for the trend of each variable over the years. 
It is evident from the figure that EPC, GDP, and investment 
have shown a consistent increase. For instance, the per 
capita primary energy consumption has risen from 14.2969 
kWh in 1971 to approximately 1084 kWh in 2019.  Similarly, 
the GDP has grown from 9.333 billion USD in 1971 to 
1119.099 billion USD in 2019, while investment has 
increased from 0.299 billion USD in 1971 to 24.993 billion 
USD in 2019. The increasing trends in these variables  
 

0

200

400

600

800

1,000

1,200

1980 1990 2000 2010

Electric power consumption (kWh per capita)

0

200

400

600

800

1,000

1,200

1980 1990 2000 2010

GDP (USD)

‐10

0

10

20

30

1980 1990 2000 2010

Foreign direct investment (USD)

x10^6

x10^6

 
 
Fig. 1. Electric power consumption, economic growth, and 
investment from Year 1971 – 2019 in Indonesia.  

make it intriguing to investigate their interrelationships 
further. To do so, this study employs co-integration and 
causality analyses, including unit root tests to assess data 
stationarity, lag selection processes for determining optimal 
lag length, Johansen co-integration tests to identify long-run 
relationships, and Vector Error Correction Model (VECM) 
analysis to examine both short-term dynamics and long-run 
equilibrium relationships among the variables [18]. 
 
Results and Analysis 
A. Unit Root Test 
      The stationary properties of the observed variables are 
examined using Augmented Dickey-Fuller (ADF) and 
Phillips-Perron (PP) tests, and the results are summarized 
in Table 1. The tests reveal that the variables are not 
stationary in their levels, as indicated by the p-values 
exceeding 0.05. However, when tested in first differences, 
all variables (EPC, GDP, and FDI) exhibit p-values below 
0.05, indicating stationarity after differencing (non-stationary 
data are rejected at a 5% significance level). Therefore, the 
variables are considered stationary at first differences. 
 

Table 1. Results for unit root test 

Variable 
Levels First differences 

ADF value p-value ADF value p-value 

EPC 7.5308 1.0000 -3.3204 0.0195 

GDP 1.2469 0.9980 -4.2694 0.0014 

FDI -1.0273 0.7362 -8.4850 0.0000 

Variable 
Levels First differences 

PP value p-value PP value p-value 

EPC 7.3699 1.0000 -3.2698 0.0221 

GDP 1.8254 0.9997 -4.2315 0.0016 

FDI -1.0273 0.7362 -8.6248 0.0000 

  
B. Optimal Lag Length for VECM Model 
      The next step involves determining the optimal lag 
length for the VECM model. Lag order selection is crucial 
for obtaining a better model fit. In this study, several 
common lag selection criteria are utilized, including the 
Sequential Modified LR Test Statistic (LR), Final Prediction 
Error (FPE), Akaike Information Criterion (AIC), and 
Schwarz Criterion (SC). The values obtained for each lag 
selection criterion are presented in Table 2. Based on the 
results, the optimal lag length for the VECM model is 
identified as the fourth lag, and because the data was 
differencing, the lag used in the next step is 3. This 
determination is supported by the values of the applied 
selection criteria, where the lowest values are consistently 
obtained at the fourth lag, as observed in the LR, FPE, and 
AIC criteria. Subsequently, the stability of VECM model is 
assessed. Figure 2 displays the inverted values of             
the characteristic roots, revealing that the majority of these  
 

  Table 2. Results for lag length selection 

Lag LR FPE AIC SC 

1 334.5115 3.93e+42  106.5886    107.0752* 

2 15.32521  3.93e+42  106.5835  107.4351 

3 14.63542 3.91e+42  106.5622 107.7786 

4   18.79813*   3.31e+42*   106.3649* 107.9463 

5 10.87476 3.55e+42 106.3856 108.3319 

 *Lag order selected for model. 
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Fig. 2. Unit root distribution chart. 

Inverse roots of AR characteristic polynomial values fall 
within the unit circle. This observation suggests that the 
constructed VECM model is stable and suitable for the 
subsequent step of the co-integration test analysis. 
 
C. Co-integration Analysis 
      In this step, the focus is on observing the long-term 
relationship among the EPC, GDP, and FDI variables. To 
examine the relationship, a co-integration test using the 
optimal lag length from the previous step is conducted, 
employing the Johansen co-integration test. The results of 
the co-integration test are presented in Table 3. The values 
of the Trace statistics and Maximum Eigen statistics 
indicate whether the null hypothesis can be rejected at a 
5% significance level or if a co-integration relationship (R = 
0) does not exist. Additionally, the null hypotheses 
concerning the existence of at most 1 and 2 co-integration 
relations (R ≤ 1 and R ≤ 2) are also rejected at the same 
significance level. These findings suggest the presence of 
more than 3 co-integration equations, indicating that the 
analysed variables exhibit a shared tendency over a long 
period. Co-integration signifies a systematic co-movement 
among the variables considered in the model [19]. 
Consequently, it can be concluded that EPC, GDP, and FDI 
in Indonesia have a long-run relationship. 
 

Table 3. Results for co-integration test 

Null hyp. 
Trace statistics Maximum eigen value 

t-statistics p-value 
Max. eigen 
statistics 

p-value 

 *R = 0 50.3148 0.0001 27.2017 0.0062 

 **R ≤ 1 23.1131 0.0029 15.9907 0.0264 

 ***R ≤ 2 7.12237 0.0076 7.12237 0.0076 

*Number of co-integration is 0; **Number of co-integration is at 

most 1; ***Number of co-integration is at most 2. 
 

D. VECM Granger Causality Analysis 
       In the final stage of this study, the VECM Granger 
causality test is applied to the model using the differenced 
data obtained in the previous step. This test is utilized to 
examine the short-run and long-run causal relationships 
between the variables included in the model. Table 4 
presented VECM results. The presence of significant 
coefficients with a negative sign suggests a long-term 
relationship between the variables, while coefficients with a 
non-significant negative sign indicate a short-term dynamic 
relationship [20]. The error correction mechanism reveals a 
short-term relationship among all the variables. In the long 
term, there exists a negative relationship between EPC and 
GDP. However, in the short term, there are indications of a 
negative relationship between EPC, GDP, and FDI. 

  Table 4. Long-term and short-term relationships of the Vector  
                Error Correction Estimates 

Cointegrating Eq CointEq1   

EPC(-1)  1.000000   

GDP(-1) -2.22E-09   

  (3.8E-10)   

 [-5.77106]   

FDI(-1)  7.86E-08   

  (1.2E-08)   

 [6.58756]   

C -55.93568   

Error Correction D(EPC) D(GDP) D(FDI) 

CointEq1  0.039018 -21056549 -16549672 

  (0.02217)  (7.5E+07)  (4231510) 

  [1.76021]  [-0.28141]  [-3.91106] 
   Standard errors in ( ) and t-statistics in [ ]. 
 

Equation (1) shows the co-integration formula of the model: 

(1)         D(EPC) = 0.0390178082912*(EPC(-1) - 
2.21969292975E-09*GDP(-1) + 7.86306945367E-
08*FDI(-1) - 55.9356827521 ) - 
0.0149640076872*D(EPC(-1)) + 
0.155962988885*D(EPC(-2)) + 
0.392610534548*D(EPC(-3)) + 1.7352267132e-
10*D(GDP(-1)) + 2.55642190373e-11*D(GDP(-2)) - 
1.02109012853e-10*D(GDP(-3)) - 2.19749170889e-
09*D(FDI(-1)) - 2.55628964545e-10*D(FDI(-2)) + 
1.12283147008e-09*D(FDI(-3)) + 10.7835707096 

Table 5. Summary of VECM results 
Error Correction D(EPC) D(GDP) D(FDI) 

CointEq1  0.039018 -21056549 -16549672 

  (0.02217)  (7.5E+07)  (4231510) 

 [1.76021] [-0.28141] [-3.91106] 

D(EPC(-1)) -0.014964  1.99E+08 -40205405 

  (0.18180)  (6.1E+08)  (3.5E+07) 

 [-0.08231] [ 0.32505] [-1.15847] 

D(EPC(-2))  0.155963 -4.28E+08  1.04E+08 

  (0.19813)  (6.7E+08)  (3.8E+07) 

 [0.78716] [-0.63972] [2.76042] 

D(EPC(-3))  0.392611  4.82E+08  29039595 

  (0.18020)  (6.1E+08)  (3.4E+07) 

 [2.17869] [ 0.79292] [0.84417] 

D(GDP(-1))  1.74E-10  0.465612  0.009844 

  (6.9E-11)  (0.23248)  (0.01315) 

 [2.51962] [ 2.00285] [0.74879] 

D(GDP(-2))  2.56E-11  0.044016  0.004572 

  (7.6E-11)  (0.25529)  (0.01444) 

 [0.33803] [ 0.17242] [0.31673] 

D(GDP(-3)) -1.02E-10  0.329483  0.018092 

  (7.6E-11)  (0.25686)  (0.01453) 

 [-1.34192] [ 1.28275] [1.24552] 

D(FDI(-1)) -2.20E-09 -4.745069  0.329545 

  (1.6E-09)  (5.36233)  (0.30325) 

 [-1.38334] [-0.88489] [1.08672] 

D(FDI(-2)) -2.56E-10 -1.923947  0.220395 

  (1.3E-09)  (4.46761)  (0.25265) 

 [-0.19315] [-0.43064] [0.87234] 

D(FDI(-3))  1.12E-09 -3.056703  0.238543 

  (1.1E-09)  (3.84742)  (0.21758) 

 [ 0.98514] [-0.79448] [ 1.09637] 

C  10.78357  3.85E+09 -2.41E+09 

  (4.98445)  (1.7E+10)  (9.5E+08) 

 [ 2.16344] [ 0.22856] [-2.52786] 
Standard errors in ( ) and t-statistics in [ ], D represents the first 
difference. 
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      In the long-term, there exists a negative relationship 
between EPC and GDP, while a positive relationship is 
observed between EPC and FDI. This implies that an 
increase in EPC in Indonesia encourages the FDI to rise, 
while concurrently leading to a decrease in GDP. 
 The analysis of the causality relationship among the 
variables using the VECM model reveals important findings. 
Specifically, the results indicate that GDP has a negative 
and significant impact on EPC at the three-year horizon, 
while FDI demonstrates a negative and significant effect on 
EPC at the one- and two-year horizons. These results, 
which show the causality relationship among the variables, 
are presented in Table 5. 
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Fig. 3. Impulse responses of the variables. 

 In order to assess the causal relationship between the 
variables, the Granger causality test is employed. The 
results of this test, which shows the causal relationship 
between the variables, are presented in Table 6. At a 
significance level of 5%, it is observed that there exists a 
unidirectional causal relationship between the variables 
EPC and GDP. Specifically, the GDP variable significantly 
influences EPC as indicated by a F-statistic probability 
below 0.05, namely 0.0208 (leading to the rejection of the 
null hypothesis). Additionally, a bidirectional causality is 
found between EPC and FDI. However, there is no causal 
relationship observed between GDP and FDI. These 
findings confirm that GDP and FDI play crucial roles in 

driving the increase in EPC. Therefore, it is essential for 
stakeholders to facilitate greater access and reduce 
constraints in utilizing electric power consumption to 
achieve high levels of economic growth and investment. 
   
Table 6. VEC Granger Causality  

Dependent variable: D(EPC) 

Excluded Chi-sq df Prob. 

D(GDP)  9.748195 3  0.0208 

D(FDI)  11.02716 3  0.0116 
Dependent variable: D(GDP) 

Excluded Chi-sq df Prob. 

D(EPC)  0.923494 3  0.8198 

D(FDI)  1.449251 3  0.6940 
Dependent variable: D(FDI) 

Excluded Chi-sq df Prob. 

D(EPC)  10.61803 3  0.0140 

D(GDP)  1.828923 3  0.6087 
 
 In order to assess the impact of disturbances on the 
variables under consideration, the impulse response 
function is employed. This function provides insights into 
the timing and magnitude of the variables' responses to 
disturbances originating from other variables [21]. Figure 3 
illustrates the general impulse responses of EPC, GDP, and 
FDI to innovations (other variables), respectively. The 
results demonstrate a significant and gradual increase in 
the response of GDP and FDI to EPC over a 10-year 
period.  
 
Conclusions 
 This paper focuses on conducting co-integration and 
VECM causality analysis within the Indonesian context, 
considering three key variables: electric power consumption 
(EPC), GDP, and FDI. The analysis reveals that all the 
variables exhibit a long-run relationship, which is confirmed 
through co-integration analysis utilizing the Johansen co-
integration test. In the long run, a negative relationship is 
observed between EPC and GDP. However, in the short 
term, there are indications of a negative relationship 
between EPC, GDP, and FDI. Specifically, the results 
reveal that in the short-run causality analysis, GDP has a 
significant negative impact on EPC at the three-year 
horizon. Additionally, FDI shows a significant negative effect 
on EPC at the one- and two-year horizons. The causality 
test results indicate a unidirectional causal relationship 
between EPC and GDP, with GDP significantly influencing 
EPC. Furthermore, a bi-directional causality is observed 
between EPC and FDI, while no causal relationship is found 
between GDP and FDI. It is evident that the volume of GDP 
and FDI serves as driving factors for the increase in EPC. 
Consequently, stakeholders, including the government, play 
a crucial role in reducing constraints and facilitating access 
to electric power consumption in relevant sectors, 
potentially through policy interventions. These efforts are 
essential for stimulating rapid economic growth and 
attracting foreign investment. It should be recognized that 
the level of economic growth directly impacts foreign direct 
investment, thereby increasing the likelihood of foreign 
investors to invest in various sectors in Indonesia. The 
findings of this study hold significant value for public 
policymakers involved in designing energy policies, 
particularly for the electricity sector, to effectively support 
economic growth and foreign investment in Indonesia. For 
future research, we will consider more variables for 
application, such as the long-term prediction of electricity 
consumption. 
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