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Abstract. In general, the usage of renewable power plants for electric systems is expected not only increased over the 
year to meet electricity demand but also can support economic condition in a related place. In this paper, causality 
relationship between electricity consumption particularly from hydropower plant (HEC), losses of the power system 
(PLOSS), and economic growth (GDP) in Indonesia was investigated using statistical method. Yearly data from year 
1985 to 2014 were used in this study. From results of unit root test, examined variables (HEC, PLOSS, and GDP) were 
stationary at first difference as indicated by their values which have significance at 5% level. Co-integration results using 
Johansen test to identify long-run relationship between observed variables confirmed that there is 1 co-integration 
equation in the model. This indicated HEC, PLOSS, and GDP have long–run relationship. Next determining causality 
direction using Granger test shown that HEC and PLOSS have only unidirectional Granger causality running from HEC 
to PLOSS. A similar finding for causality direction between GDP and PLOSS. For HEC and GDP, they have 
bidirectional causality which means HEC influenced GDP condition and vice versa. Resulted information assisted in 
making electricity energy policy from hydropower plant (HPP) which is potential in Indonesia as an indicator to get high 
economic performance. 

   

INTRODUCTION 

The usage of renewable power plants for electric systems in the world including in Indonesia is expected can 
increase over the year to meet electricity demand. It is caused some issues such as resulted CO2 emissions which 
contribute to climate change, and increasing fuel price by time (energy production cost) due to the usage of fossil 
fuel for thermal plant in electric systems can be reduced. With regards to this, one of renewable energy resources 
which is robust to produce electricity energy is hydropower. A system of hydropower has many advantages included 
environmental friendly, low operating cost, long lives, low maintenance, and high reliability [1,2]. Moreover, 
hydropower plant is possibly built in many scales for electricity production (in terms of small, medium or large 
scale) and existing technology is relatively mature. Therefore for hydropower development plan in one place, it is 
important to analyze the usage level of hydroelectricity energy and its influence including its impact to electric 
system condition such as power losses value for effectiveness. Some studies regarding hydroelectricity consumption 
and its relationship with other variables such as economic growth for several countries which conducted using 
different methods, steps of analysis, period and kinds of variables data can be seen in [1-4]. For example, in [1] for 
case of Malaysia, in [2] for case of 7 countries in Latin America, in [3] for case of 6 OECD countries which have 
high income, and in [4] for case of 10 different countries which consumed highest hydroelectricity energy.  
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In Indonesia, to folllow electricity demand growth and to stimulate the usage of renewable energy, government 
declares to add renewable energy based power generation unit including from hydropower up to 22.5% in 2025 [5]. 
As a country which have thousands of islands, Indonesia has quite big hydropower resources with total technical 
potential is around 75,000 MW. The hydropower resources are scattered in various regions namely in Sumatra 
(20.8%); Java (5.6%); Kalimantan (28.8%); Sulawesi (13.6%); Bali, NTT, NTB (0.8%); Maluku (0.6%); and in 
Papua (29.8%) [6]. However, utilization of the hydro energy is still low until year 2014 namely around 10% of total 
potential [6]. To handle the situation, studies in this area are needed as an effort to increase the usage level of 
hydropower for fulfillment national electricity energy needs. 
    This research focus to analyze causality relationship between electricity consumption from hydropower plant 
(HEC), power losses (PLOSS), and economic performance (GDP) in Indonesia. Some similar studies for Indonesian 
context using different variables have been done as in [7-14]. However, none of them have analysed hydroelectricity 
consumption and power losses variables. Therefore besides to fill the gap, presented information is expected can 
become a reference to support hydropower development strategy in Indonesia.  
    Structure of this paper has four parts. Part 2 shows typical used variables data and applied approach (analysis 
procedure). Part 3 explains the result of statistical test for each step and their analyses, meanwhile in the last part     
is concluding remark including implication of study regarding the development of hydropower utilization in 
Indonesia.  

 

DATA INPUT AND APPLIED APPROACH 

Three annual variables data used in this study namely HEC defined in terawatt hours (TWh), PLOSS (% of total) 
and GDP (billion of USD) are taken from World Bank database [15] as graphically shown in Figure 1. Period of the 
data are between year 1984 and 2014. As an initial analysis, both yearly hydroelectricity consumption and GDP 
values tend to increase, meanwhile for PLOSS due to penetration of hydropower plants in electric systems although 
increased but tends to have same values in six last years under observed period as in the Figure 1. The electricity 
consumption volume from hydropower plant is around 2.8 TWh in year 1985 and become 15.1 TWh in year 2014. 
Meanwhile for GDP is 85.289 billion USD in year 1985 and become 890.487 billion USD in year 2014. Next, 
PLOSS value in 1985 is 6.66% and increasing over the year until 2009 and after that the losses values are almost 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1. Variation of hydroelectricity consumption, power losses, and economic growth values in Indonesia under                        
studied period.  
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same until 2014 (around 9%). To analyze further the relationship between HEC, PLOSS, and GDP, various common 
statistical tests in the composed model were applied with four steps. Here, unit root test to determine stationary 
condition for data is firstly done and followed by lag selection to find optimal lag lenght to get better model. Next, to 
identify long run relationship for variables, Johansen co-integration test is done. Finally, Granger causality test is 
performed to detemine causality direction between the analyzed variables. 

 
RESULTS  

Unit Root and Lag Selection Analysis  
 
As stated before, unit root analysis is firstly performed for HEC, PLOSS and GDP variables using common ADF 

and PP test which is needed to get integration order for data analysis.  From the testing, all observed variables have 
p-values under 0.05 at first differences as seen in Table 1 which indicated non-stationary data variables are rejected 
at 5% siginifcance level. This means that the three variables are stationary at first differences. The stationary data 
are needed in the part of causality testing to prevent misleading results [16]. Next, lag lenght selection to get better 
model using Schwarz Criterion is done. From results, optimal lag is found at lag 1 as indicated by the lowest value 
obtained at the lag.  

 
TABLE 1. Unit root testing results for each variable 

 

Variable 
Levels 

ADF value p-value PP value p-value 

HEC -0.2112 0.9275 -1.5552 0.4917 
PLOSS -2.4658 0.1346 -3.2451 0.0274 

GDP 1.2959 0.9980 1.2959 0.9980 

Variable 
First Differences 

ADF value p-value  PP  value p-value 

HEC -8.1816 0.0000    -11.5125 0.0000 
PLOSS -6.9804 0.0000      -7.6318 0.0000 

GDP -3.3487 0.0220      -3.3487 0.0220 
                                 Notes: ADF is Augmented Dickey Fuller; PP is Phillips-Peron 

 
Johansen Co-integration Analysis 

 
The third step is examined long-term relationship among variables using Johansen co-integration test. Results 

of co-integration test with optimal leg lenght for model are provided in Table 2. By using 5% siginificance level 
for TS and MEV p-values, the NH is rejected which means no co-integration relation at R = 0. The results for 
 

TABLE 2. Co-integration test result 
 

          Null Hypothesis (NH) 
Trace Statistics (TS) Max. Eigen Value (MEV) 

t-statistics p-value Max. eigen 
statistics p-value 

   CN is 0 (R = 0)    41.9677 
 

 0.0013 
 

    30.6728 
 

  0.0017 
 

   CN is at most 1 (R ≤ 1)    11.2949 
 

 0.1940 
 

    10.9254 
 

  0.1580 
 

   CN is at most 2 (R ≤ 2)      0.3945 
 

 0.5433 
 

      0.3694 
 

  0.5433 
 

Note: CN is co-integration number 
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cointegration relation at R≤1 and R≤2 shown NH can not rejected at the same significance level. In other words, 
the composed model has co-integration equation at 5% level. This means the moving of three observed variables 
(HEC, PLOSS, and GDP) in long time period in Indonesia have same tendency, or it can be said they have long-
run relationship.   

 
Granger Causality Analysis 

 
Based on the previous steps, causality tes with differenced data for model is performed in this fourth step. At 

5% significance level, results shown HEC and PLOSS variable has unidirectional Granger causality relationship. 
Variable of HEC influence PLOSS as confirmed by obtained F-Statistic value is 0.0110 (under 0.05, rejection of 
null hypothesis). It means the increasing volume of electricity consumption from hydropower plant will affect 
total power losses in electric systems eventhough its impact tends to better in the view of electric system 
operation (PLOSS percentage values are almost same in the six last years under observed period as in the    
Figure 1). For GDP and PLOSS, it has unidirectional causality as well which is running from GDP to PLOSS. 
Meanwhile for HEC and GDP, they have bidirectional causality which means HEC influenced GDP condition 
and vice versa. From obtained results, the role of electricity energy consumption from hydropower plant as a key 
elements to increase economic development is confirmed, and at the same time economic growth influence 
electricity consumption from hydropower plant. For losses, it is affected by economic growth. Considering 
undeveloped hydropower potential is still high and ratio of electrification in year 2015 in Indonesia is still around 
88.3%, energy policy to stimulate further the using of hydropower is needed as a strategy not only to replace or to 
reduce the using of thermal power plant (fossil fuel) but also to overcome the condition. 

 
 

TABLE 3. Summary of Granger causality test result 
 

No  Null Hypothesis (NH) F-Statistic Prob.  

1  HEC does not Granger cause PLOSS 
 

       7.49292 
 

  0.0110a 
 

2  PLOSS does not Granger cause HEC 
 

   1.80010 
 

     0.1913 
 

3  GDP does not Granger cause PLOSS 
 

   4.81470 
 

 0.0374a 
 

4  PLOSS does not Granger cause GDP 
 

    0.00181 
 

   0.9664 
 

5  GDP does not Granger cause HEC 
 

     6.68931 
 

0.0157a 
 

6  HEC does not Granger cause GDP 
 

 5.64978 
 

0.0251a 
 

                     Note:  aDenotes significant at 5% level 

CONCLUSIONS  

     Through statistical approach, it is found that hydroelectricity consumption (HEC), power losses (PLOSS) and 
economic growth (GDP) in Indonesia have long-run relationship. Examining causality direction shown that HEC 
and PLOSS have unidirectional Granger causality running from HEC to PLOSS and similar finding for causality 
direction between GDP and PLOSS. For HEC and GDP, they have bidirectional causality which means HEC 
affected GDP condition and vice versa. Based on this, development hydropower plant is a key to handle some 
issues related to providing electricity energy and its usage. This caused besides environmental friendly, 
hydroelectricity can increase economic performance with suitable impact to the electric systems in terms of line 
losses values tends not to increase in several last years under studied period. As undeveloped hydropower 
potential is still high in Indonesia, therefore, policies for development plan such as giving more access and 
priority in using of hydropower energy particularly for electricity needs is important. 
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