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ABSTRACT 
 
Indonesia has very big water energy potency such as about 75,000 MW and it is still using approximate to 5,000 
MW. During the time, single Flow Duration Curve (FDC) was used to obtain design discharge of Mini Hydro 
Power Plant (MHPP) for the type of run off river without making attention for the different characteristic. The use 
of plural Flow Duration Curve (FDC) can eliminate the error of available potency analysis in river so it can be 
reached the optimal production. This paper intended to apply plural Flow Duration Curve (FDC) on producing 
optimal electrical energy of Mini Hydro Power Plant (MHPP). The methodology consisted of applying the plural 
FDC with optional accurate turbine variation due to optimization and simulation. Design discharge as the 
production of plural FDC will produce yearly optimal energy of mini hydro electrical power. The objects of study 
included mini hydro electrical power of Cianten, Sapaya, Pongko, Poring, and many others (24 locations). Results 
can be used as the consideration on optimal using on energy potency of a river. In addition, it can be used for 
rechecking the water energy potency in Indonesia during the time and by this method it can escape from deficit or 
surplus of design discharge which as the important point on designing turbine or generator. 
KEYWORDS: single FDC, plural FDC, optimal energy, mini hydro electrical plural  
 

INTRODUCTION 
 
Global climate change has been as a ghost for the world in the 21th century such as the extreme change of 

climate [1], grouping of rainfall day number and moving of rainfall day, drought [2][3], and the rising of sea 
water level [4][5][6]. The recession on using fuel which has decreased carbon emission became as a case that 
cannot be delayed again. On electrical generation, the function of renewable energy (water energy, earth calor, 
wind, and sub) have been as the very urgent demand [7]. Hydro Power Plant (HPP) or Mini Hydro Power Plant 
(MHPP) on small scale is as one of technologies that has been proved being not damaged environment, 
supporting enrgy diversification as the using of renewable energy, supporting the program of decreasing on fuel 
use, and most of the construction used the local content [8].   
          Topography of Indonesian Islands with more mountain range area are very potencial on developing 
energy resources mainly the development of Mini or Micro Hydro Power Plant (MHPP), even hydro electrical 
power with medium until big capacity. This potency can be seen in the islands of Java, Sumatera, and Papua 
which have rivers with many characteristics of water catchment. Among the islands, NAD, North Sumatera, 
West and South Sulawesi are as the province that are very potencial on deelopment of hydro electrical power 
such as from the capacity of 0.1 MW until 100 MW. The previous study of Government Electrical Company of 
Indonesia (PT PLN Persero) in 1990 about the inventarization and potency of electrical energy indicated that 
South Sulawesi has the potency to generate hydro electrical power until 2,000 MW which is sufficient to change 
diessel generator with oil fuel until 2020. Hydro Power Plant (HPP) with the capacity between 1 MW until 10 
MW generally is named as or Mini Hydro Power Plant (MHPP). 
          The centre of electrical power generator is as a place where the process of electrical power generating is 
to be carried out. On generating electrical power there is happened the conversion of primary energy (fuel or 
potency of electrical power) into mechanical energy by turbine (it is produced generator moving mechine or 
generally is named as prime mover), then the mechanical energy is changed into electrical energy by generator. 
The objective of this study was to apply plural duration curve in order to obtain the optimum energy of mini 
hydro electrical power.  
 

MATERIALS AND METHODS 
 
          This study were conducted in 24 locations with the different hydrological characteristic, watershed cover 
as well as geological later. Locations of MHPP were presented as in Table 1. 
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Table 1 Location of MHPP 
No MHPP District Province

1 Cianten 1B Bogor West Java
2 Cianten 1 Bogor West Java
3 Cianten 2 Bogor West Java
4 Cianten 3 Bogor West Java
5 Telagawaja Karang Asem Bali
6 Wae Rancang Manggarai East Nusa Tenggara
7 Sapaya Sapaya South Sulawesi
8 Maiting 2 North Toraja South Sulawesi
9 Maiting 1 North Toraja South Sulawesi
10 Pongko North Toraja South Sulawesi
11 Maiting 1A (Panoli) North Toraja South Sulawesi
12 Binuang 1 Nort Luwu South Sulawesi
13 Binuang 2 Nort Luwu South Sulawesi
14 Pargaringan North Tapanuli North Sumatera
15 Salu Siarra Mamasa West Sulawesi
16 Masupu 1 Mamasa West Sulawesi
17 Masupu 2 Mamasa West Sulawesi
18 Masupu 3 Mamasa West Sulawesi
19 Poring 1 North Tapanuli North Sumatera
20 Poring 2 North Tapanuli North Sumatera
21 Banasu Sigi Centre Sulawesi
22 Mapahi Sigi Centre Sulawesi
23 Halu Tua Sigi Centre Sulawesi
24 Pono Sigi Centre Sulawesi  

          
 The reason on selecting the 24 locations were in order to obtain the significant difference on 

hydrological analysis in the 4 locations and it was got the real illustration that the callssification of hydrological 
series by making plural Flow Duration Curve (FDC) could produce the different design discharge among one 
location and others. Classification of hydrological series by making plural FDC in a year into 1, 2, or 3 curve 
could produce the different design discharge among one watershed and athers.  

 
Renewable energy 
          Renewable enrgy is as non fossil energy that comes from nature and can be sustainably renewed, and if it 
is well managed, the energy will not be gone. The renewable energy is involving energy of sun fotovoltaik, sun 
thermal, biomass or biogas, bio ethanol, biodiesell, erath calory, fuel cell, ocean (energy of sea calory, tide-ebb, 
and wave), and water energy. 
         In indonesia, the use of renewable energy can be classified as 3 categories. The first category is the energy 
which has been comercially developed as energy of biomass or biogas, earth calory, and water energy. The 
second category is the enrgy which has been developed but the use is limited like sun and wind energy. The 
third category is the energy which has been developed but it is still until research step like ocean energy.   
 
Hydro Power Plant (HPP) or  Mini Hydro Power Plant (MHPP)  
          Hydro Power Plant (HPP) or Mini Hydro Power Plant (MHPP) has some dependability compared to the 
other power plant generator as follow: 

A. HPP/MHPP has service life time higher than the orther electrical power. 
B. HPP/MHPP does not need oil fuel and gas. 
C. HPP/MHPP is responsive to the load, it means that HPP/MHPP can rapidly generate electrical energy 

immediately after setting.  
D. Besides three points as above, HPP/MHPP is as electrical generatoe with green energy and 

environmental friendly.    
Hydro electrical power is the renewable energy that is more used. After the system of hydro electrical power has 
been developed, project does not directly produce waste and has output level lower on producing CO2 like being 
produced by energized cropping fosil fuel.   
 
Design discharge 
          For designing the mini hydro electrical power (then it is named as mini hydro) is needed comprehensive 
hydrological observing. Inversin (1986) suggested some methods in estimating river disharge for micro hydro 
on first step or desk study by predicting the run off dus to the run off coefficient or by linearly comparing of 
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river flow that comes from a watershed with the closed watersheds. If there was not available discharge in mini 
hydro location, so as the first approach, it can be carried out by comparing discharge data in other location in the 
same watershed such as by comparing area number of mini hydro location watershed and Automatic Water 
Level Recorder (AWLR) location. If discharge data of river near the location was not available, the discharge 
can be differentiated from model due to water availability such as Rainfall-Run off Model by using stochastic or 
deterministic model which based the physical process model with the different difficulty [9]. Analysis method 
of time series can be applied for predicting river discharge [10][11]. Trend of cyclic, natural correlation, and 
stochastic component of a time could be identified [1]. 
          Based on the analysis as above, a limited observation of discharge could be generated. The important 
thing in this case is to observe that the obtained hydrological component is as stochastic or has a trend as 
deterministic which is very sensitive to intial process condition. Hydrological theory [12] could be used for 
predicting discharge response on wet season or flood and detected groundwater flow as the base flow. Prediction 
of river discharge for incoming period from time to time could also be carried out by flow modelling based on 
the stochastic hydrological process.          
          In stochastic hydrological analysis, it was remained that the happened process was remained and it was 
not depended on time by maintaining the statistical characteristic of hydrological case in order to be remained 
from time to time in the analysis period [13]. Modelling process of stochastic hydrology for predicting seasonal 
flow discharge for incoming yeras by using discharge data in previous years [14] has to be carried out for 
predicting the potency of mini hydro power plant. 
  
Theoritical base 
          River flow from time to time was as a periodical series that had spesific statistical characteristic [15]. In 
management of water resources in one region, a hydrologyst was forced to have to study and to be able to 
understand the caharcteristic of river flow from time to time. There was remained the quantity of season in a 
year was 12 seasons. One unit of season was reamianed teh same as the period of water flow giving to irrigation 
area which was carried out by local Water Resources Dine such as every 30 days or 10 days in a month.The 
seasonal unit was remained by water resources dine for certain analysis of water availability in an irrigation 
area. Data of 30 days or 10 days was used because some locations had well recorded disacharge on this period.   
          Design discharge is meant as available dependable discharge along year with the certain risk of failure. 
Based on the observation and experience, dependable discharge for any kind of interests was as follow {16] 

 Drinking water   99 % (or closely to 100 %) 
 Industry    95-98 % 
 Irrigation (humid half)  70-85 % 
 Hydro electrical power  85-90 % 
 For hydro electrical power, generally is used 97.3 % because in a year turbine and generator will 

usually be overhaul during 10 days. Therefore, in a year hydro electrical power will effectively operate 
during 365 days – 10 days = 355 days such as (355/365) x 100 % = 97.3 %         

           

          Each method has the caharcteristic irself which is suitable with the demand. The solution generally by 
using frequency analysis and statistic is known as Flow Duration Curve (FDC). Potency of a river which is 
represented by available discharge (Q) and related to topographical potency (H) will produce the enrgy that 
indicated the available potency in the river. Electrical energy in a year is as follow [17]: 

P  = g  x ηT  x ηE x ηE x Q x H                          (1) 
Note              

P  = power (kW) 
ηT   = efficiency of turbine 
ηE  = efficiency of generator 
ηTR = efficiency of trafo  
Q   = monthly averaged generator discharge (m3/s)   
g     = gravitation = 9,81 m/s2 

H    = effective head (m) 
E    = energy (kWh = kilowatt hour) = P x f (t) which f (t) generally is in hour 

 
Design discharge (Q design) is obtained by making Flow Duration Curve (FDC) with Q (m3/s) is as initial 
design discharge which is determined with statistical method by analysing the probability of data series and used 
the formula as follow [16]:  

Pr  = m / (n+1) * 100 %         (2) 
Note: 

Pr  = probability (%)    
m  = number of data     
n   = the quantity of data 
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          The probability is determined due to the demand of hydro electrical power, for single service or not 
connected with surrounded area it is needed high probability between 80 % and 90 % even 95 %, but for hydro or 
mini hydro electrical power is not involving in single service but it is only functioned in network supporting 
service which is interconnected through medium tension network, so the success probability can be as 70 % even 
60 %. Globally, the factors that determine the success level on optimal use of hydro electrical power are as follow: 

1. The combination of placing the locations of weir, waterway, accurate power house so it can find 
maximal effective head 

2. Application of hydrological series then there are classified in the characteristic that is similar to wet and 
dry in one year without classification (Figure 1) or wet-1, dry, wet-2 in one year (Figure 2), or wet-1, 
dry-1, dry-2, and wet-2 for one year (Figure 3) 

3. Data of wet and dry for one year (Figure 1) or wet-1, dry, and wet-2 for one year (Figure 2) or wet-1, 
dry-1, dry-2, and wet-2 for one year (Figure 3) are made FDC each for one year without separation 
which is generally used (Figure 4), but the separation of plural FDC into 3 groups: wet-1, dry, and wet-
2 (Figure 5) and into 4 groups: wet-1, dry-1, dry-2, and wet-2 (Figure 6) 

 
Figure 1 Classification of Discharge-1 (one year) 

 

 
Figure 2 Classification of Discharge into 3: wet-1, dry, wet-2 

 
Figure 3 Classification of Discharge into 4: wet-1, dry-1, dry-2, wet-2 
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Figure 4 Flow Duration Curve-1 (one year) 

 
Figure 5 Flow Duration Curve-3: wet-1, wet-2, dry 

 
Figure 6 Flow Duration Curve-4: wet-1, wet-2, dry-1, dry-2 

       
          In determination on placing combination of weir location, waterway channel and power house can be 
trially analyzed by geodesi engineer which working together with civil engineer and the others. Initial 
estimation can be carried out by mapping study such as earth map, digital map as well as citra satellite map, and 
then there is carried out the mesurement and mapping in field, being checked in location and if it is felt being 
not optimal, there can recheck again on citra satellite map and so on until it is obtained maximum head. . 
 

RESULTS AND DISCUSSION 
 
          Result of this research would produce something as follow: 1) Model of plural Flow Duration Curve 
(FDC) would produce design discharge of mini hydro electrical power which could give optimum energy; 2) 
significant correlation between parameter of watershed and the number of FDC that was used in order to reach 
optimum design discharge; 3) model of simulation which can be used to make easy on producing the accurate 
composition in design of Mini Hydro Power Plant (MHPP) of run off river; 4)  plural FDC has some advantages 
compared to single FDC. The advantages of plural FDC were as follow: 1) the whole available water potency 
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can be functioned; 2) there is formatted turbine variation; and 3) well usefull on base load as well as peak load. 
The weakness of plural FDC were the FDC was especially for interconnection network area and it has a trend of 
optimis characteristic. However,  single FDC has some limitation as follow: 1) it was especially for base load 
service; 2) turbine variation was not formatted; 3) for individual region such as certain islands, solitary mountain 
range area; and 4) it has a trend of pesimis characteristic.  
Based on the analysis of pulral Flow Duration Curve (FDC) for some location of MHPP in Indonesia with any 
kinds of river characteristic, it was concluded that there were 5 alternatives of power setting (capacity of 
generator turbine) dua to the maximum capacity of gnerating as follow: 

1. Alternative-1: 2 generating turbine with the comparison of turbine capacity-1 and 2 was 1/3 : 2/3 
2. Alternative-2: 2 generating turbine with the comparison of turbine capacity-1 and 2 was 1/2 : 1/2 
3. Alternative-3: 2 generating turbine with the comparison of turbine capacity-1 and 2 was 2/3 : 1/3 
4. Alternative-4: 2 generating turbine with the comparison of turbine capacity-1 and 2 was 5/6 : 1/6 
5. Alternative-5: 1 generating turbin  

Figure 7, 8, and 9 presented the comparison of annual energy for mini hydro electrical power each for river 
category of well, exactly, and bad.   
Table 2, 3 and 4 presented the recapitulation of increment annual energy for each MHPP location based on river 
category (well, exactly and bad). 
Figure 10, 11 and 12 presented the trend of increment precentage of annual energy for each MHPP location 
based on river category (well, exactly and bad). 
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Figure 7 The Comparison of Annual Energy of Mini Hydro Power Plant (MHPP) with Well River Category 
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Figure 8 The Comparison of Annual Energy of Mini Hydro Power Plant (MHPP) with Exactly River Category 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 The Comparison of Annual Energy of Mini Hydro Power Plant (MHPP) with Bad River Category 
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Table 2 Increment Annual Energy with Well River Category 
No MHPP Number of Unit Power Max.Annual Increment

FDC Alternative Energy Percentange

1 Telagawaja 1 FDC alt.1 26,131.78 0.00%
2 FDC alt.1 32,108.41 22.87%
3 FDC alt.1 34,004.08 30.13%

2 Maiting 2 1 FDC alt.1 59,091.30 0.00%
2 FDC alt.1 72,852.95 23.29%
3 FDC alt.1 73,716.04 24.75%

3 Maiting 1 1 FDC alt.2 47,868.19 0.00%
2 FDC alt.1 55,870.21 16.72%
3 FDC alt.1 57,356.52 19.82%

4 Pongko 1 FDC alt.1 37,124.90 0.00%
2 FDC alt.1 43,231.42 16.45%
3 FDC alt.1 44,239.05 19.16%

5 Panoli 1 FDC alt.1 36,791.97 0.00%
2 FDC alt.1 42,375.48 15.18%
3 FDC alt.1 43,197.10 17.41%

6 Binuang 1 1 FDC alt.2 44,121.05 0.00%
2 FDC alt.1 53,188.16 20.55%
3 FDC alt.1 57,625.56 30.61%

7 Binuang 2 1 FDC alt.1 65,334.67 0.00%
2 FDC alt.1 90,034.74 37.81%
3 FDC alt.1 95,598.58 46.32%

8 Pargaringan 1 FDC alt.2 74,921.80 0.00%
2 FDC alt.1 84,088.18 12.23%
3 FDC alt.1 86,140.06 14.97%

9 Poring 1 1 FDC alt.2 54,001.75 0.00%
2 FDC alt.1 68,111.75 26.13%
3 FDC alt.1 72,519.76 34.29%

10 Poring 2 1 FDC alt.2 52,439.23 0.00%
2 FDC alt.1 62,041.90 18.31%
3 FDC alt.1 65,328.03 24.58%

11 Banasu 1 FDC alt.2 47,637.21 0.00%
2 FDC alt.1 63,359.68 33.00%
3 FDC alt.1 66,472.63 39.54%

12 Mapahi 1 FDC alt.2 74,832.28 0.00%
2 FDC alt.1 116,955.72 56.29%
3 FDC alt.1 126,072.93 68.47%

13 Halu Tua 1 FDC alt.2 49,522.42 0.00%
2 FDC alt.1 74,885.46 51.22%
3 FDC alt.1 80,668.70 62.89%

14 Pono 1 FDC alt.2 32,697.50 0.00%
2 FDC alt.1 46,607.31 42.54%
3 FDC alt.1 52,020.15 59.10%  
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Table 3 Increment Annual Energy with Exactly River Category 
No MHPP Number of Unit Power Max.Annual Increment

FDC Alternative Energy Percentange

1 Cianten 1B 1 FDC alt.2 45,537.52 0.00%
2 FDC alt.1 49,106.01 7.84%
3 FDC alt.1 52,870.21 16.10%

2 Cianten 1 1 FDC alt.1 15,926.69 0.00%
2 FDC alt.1 18,338.69 15.14%
3 FDC alt.1 19,055.43 19.64%

3 Cianten 2 1 FDC alt.2 35,100.19 0.00%
2 FDC alt.1 43,349.61 23.50%
3 FDC alt.1 45,427.14 29.42%

4 Cianten 3 1 FDC alt.2 49,872.78 0.00%
2 FDC alt.1 53,561.15 7.40%
3 FDC alt.1 56,307.27 12.90%

5 Salu Siarra 1 FDC alt.2 98,660.67 0.00%
2 FDC alt.1 119,538.95 21.16%
3 FDC alt.1 124,531.90 26.22%

6 Masupu 1 1 FDC alt.2 107,398.53 0.00%
2 FDC alt.1 169,954.42 58.25%
3 FDC alt.2 182,916.22 70.32%

7 Masupu 2 1 FDC alt.2 64,480.61 0.00%
2 FDC alt.2 104,782.81 62.50%
3 FDC alt.2 112,227.82 74.05%

8 Masupu 3 1 FDC alt.2 139,852.96 0.00%
2 FDC alt.1 215,219.81 53.89%
3 FDC alt.2 228,147.13 63.13%  

 
Table 4 Increment Annual Energy with Bad River Category 
No MHPP Number of Unit Power Max.Annual Increment

FDC Alternative Energy Percentange

1 Wae Racang 1 FDC alt.2 55,925.26 0.00%
2 FDC alt.2 120,614.19 115.67%
3 FDC alt.2 130,473.38 133.30%

2 Sapaya 1 FDC alt.2 33,970.59 0.00%
2 FDC alt.2 52,512.96 54.58%
3 FDC alt.2 54,350.44 59.99%  
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Figure 10 Increment Percentage of Annual Energy for MHPP with Well River Category 
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Figure 11 Increment Percentage of Annual Energy for MHPP with Exactly River Category 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 Increment Percentage of Annual Energy for MHPP with Bad River Category 
 

CONCLUSION 
 
          Generally, it was concluded that the use of plural FDC on mini hydro electrical power design of run off 
river as follow:  
1) it can produce optimal energy;  
2) it makes easy on design of used turbine variation;  
3) it follows the caharcteristic pattern of watershed which will be design of MHPP;  
4) If plural FDC was variated with simulation model, it can make easy on MHPP design;  
5)  there was the significant increasing of renewable energy potency such as 12 % to 68 % for MHPP with Well 
River category in two FDC and 15 % to 68 %  using three FDC (table 2 or figure 10);  7 % to 62 % for MHPP 
with Exactly  River category in two FDC and 13 % to 74 %  using three FDC table 3 or figure 11); 54 % to 115 
% for MHPP with Bad River category in two FDC and  60 % to 133 %  using three FDC (table 4 or figure 11); 
6) effect of plural FDC was less on the watershed with well caharcteristic; and  
7) Plural FDC of 2 which respresented 2 seasons in Indonesia such as dry and rainy season was very usefull for 
getting optimal energy potency of MHPP.    
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