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Abstract—Indonesia's program and regulation on the national New and Renewable Energy Policy mix target are at least 23% by 2025 

and 31% by 2050 to increase the role of NRE to energy security and self-sufficiency in energy. The government's plan Energy sourced 

from hydropower, mini micro-hydro installed 20,960 MW in 2030 and 45,379 MW in 2050.  The construction of dams on the river can 

have an impact on the backwater and the environment. Construction of micro-hydro in existing irrigation channels is an 

environmentally friendly solution. In this study, Identification of Potential Head (∆H) in Irrigation Channels used an unmanned aerial 

vehicle (UAV) DJI Phantom 4. DEM data processing was to produce contours at 7 potential micro-hydro location points. Data  Flow 

Duration Curve (FDC) determined the mainstay discharge of 5 m3/s with a probability of 85%. Discharge analysis from secondary 

irrigation data for 11 years (2009-2019). The results of this study found the Head potential P1 ∆H 15 m 625 kW, P2 ∆H 1.5 m 63 kW, 

P3 ∆H 5 m 208 kW,  P4 ∆H 3 m 125 kW, P5 ∆H 8 m 333kW, P6 ∆H 7 m 291 kW, P7 ∆H 3.5 m 146 kW and total micro-hydro potential 

along Kalibawang irrigation channel reaches 1.8 MW. Special Result found the Microhydro Blumbang-Kedungrong Cascade  (P5-P6) 

∆H 15 m 600 kW with proposed Kaplan turbine S-Type and service area to increase from 135 to 720 homes in 2 sub-districts. 
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I. INTRODUCTION

The population growth in Indonesia from 2007 to 2017 was 

at 1.24% per year. The growth was in the economic and 

industrial fields. The energy growth in Indonesia rate of 8.15% 

per year until 2030 [1]. Petroleum production in Indonesia is 

only up to 12 years. Natural Gas production is estimated up to 

33 years, while Coal is estimated up to 82 years [2]. To 

anticipate the depletion of fossil fuels and efforts to anticipate 

climate change in Indonesia, the national energy mix, which 

was originally in 2015, namely fossil energy by 95% and new 
and renewable energy with the energy conversion of 5%, 

increased to the target of the 2025 new and renewable energy 

up to 23% and in 2050 the new and renewable energy is 

expected to reach 31% [2]. Until the end of 2019, the total 

renewables installed capacity on-grid and off the grid is 10.17 

GW, with 385 MW of new capacity added. Hydropower still 

dominates with 5.4 GW, geothermal at 2.13 GW, bioenergy 

at 1.9 GW, mini/micro hydro at 464.7 MW, solar PV at 152.4 

MW, waste power plant at 15.7 MW, and wind at 148.5 MW 

[3]. In the household sector during 2018-2050, the energy 
demand for the household sector is estimated to increase by 

an average of 3.2% to 350.7 million BOE in 2050. Electrical 

energy is estimated to dominate this sector with a share of 

around 58% in 2050 [4]. Fossil energy production the 

declining, especially crude oil and the global commitment in 

reducing greenhouse gas emission.  Indonesia government 

through Government Regulation No. 79 of 2014 on National 

NRE Policy mix target is at least 23% by 2025 and 31% by 

2050 for to increase the role of NRE continuously to maintain 

energy security and self-sufficient in energy [4]. 

Hydroelectric Power is a power plant applying power from 

flow or waterfalls, reservoirs, dams, or irrigation channels 
whose construction is multipurpose with a capacity of less 

than 1 MW, between 1 MW to 10 MW, and greater than 10 

MW. Classification of hydroelectric power plants based on 

power generation capacity (MW) (Table 1). Indonesia is 

located on the equator and, mountainous areas, high rainfall 

is a hydro (Pico, Micro, Medium and Large Hydropower).  the 
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utilization of micro-hydro power energy for electricity 

generation  is low, only 1% of the total potential of 19,385 

GW in Indonesia [5]. 

The micro hydropower process is energy conversion. Weir 

is a hydraulic structure on a natural river, the weir 

concentrating the water head level and then guiding the high 

water level to the low-position turbine through the water 

channel (Penstock or Draft Tube). The water energy is 

converted into rotational mechanical energy, turbine, and 

generator to generate electricity. The conversion is from water 

energy to electricity [6]. 

A weir is a construction in the river, water block and 

divides water distributed to the agricultural areas. Weir of 

multifunction hydropower with irrigation system, control the 

amount of water distributed to irrigation channel by using the 

sluice gates [7]. This is important to provide excellent 

management of water resources for irrigation and hydropower. 

TABLE I 

CLASSIFICATION OF HYDRO POWER STATIONS 

No Classification Indonesia Malaysia Egypt Italy 

1 Large HPS >10 MW >100 MW >100 MW > 10 MW 
2 Medium 10-100 MW 10-100 MW  
3 Small 1-10 MW <10MW 10 MW 
4 Mini 1 -10 MW 100 kW-1MW 100-1000 KW < 1 WM 
5 Micro-hydro < 1 MW 5 kW-100 kW 5KW-100KW < 100 KW 
6 Picohydro - < 5 kW <5KW < 5 KW 

Source : [8]–[11] 

 

The main consideration in developing micro-hydro is due 

to a stable flow and high difference (head). The stable flow 

rate needs to be considered because it affects the turbine's 

rotational speed [12]. At the same time, the head is important 

for calculating the power that can be generated and estimating 

the type of turbine that is good to be applied [13]. Kalibawang 
irrigation channel has a stable discharge potential (Q) for 

micro-hydropower plants. This study aims to identify the 

potential of micro-hydro in the Kalibawang irrigation channel 

based on an information technology Drone or An unmanned 

aerial vehicle (UAV). 

II. MATERIALS AND METHODS 

A. Study Area 

Progo River Basin passes through two provinces, namely 

Central Java and the Special Region of Yogyakarta (DIY), 
including Temanggung, Magelang, and Kulonprogo 

Regencies (Figure 1). The area of Progo River Basin reaches 

2,421 km2, with the length of the main river reaching 138 km. 

Kalibawang Irrigation Area is planned with a discharge of 

7000 liters / second with intake from the side tap in Progo 

River. 

 

 
Fig. 1 Map of study location 

 

Fig. 1 shows the field study location in the special region 

of Yogyakarta, Indonesia. Fig. 2 shows the river basin's field 

study location in Kalibawang, under a fairly steep foothill, 

and is an area of the Menoreh Hills. Hilly conditions and steep 

topographical conditions indicate a potential for a fall or 

(head). The hilly conditions allow grid-based electricity 

supply to experience constraints for economic and technical 

reasons [14], [15]. For this reason, the development of power 

plants themselves needs to be done. The slope is one of the 

important factors in the construction of hydroelectric power 

plants and the availability of water to drive turbines. Adhau et 

al. [16] state that the greater the head, the more energy that 

can be generated. Kalibawang Irrigation Area has an area of 

7,152 ha. There are seven potential drop points in the primary 
irrigation channel in Kalibawang Irrigation System for micro-

hydro plants. The potential points are determined based on 

consideration of the height of the contour from the UAV 

measurement results. Potential points are presented in Fig. 2. 

Point 1 is located at 0 + 5.8 Km from intake, Point 2 at 0 + 6 

Km, Point 3 at 0 + 9.1 Km, Point 4 at 0 + 9.8 Km, Point 5 at 

0 + 12.9 Km, Point 6 at 0 + 13.5 Km, and Point 7 at 0 + 21 

Km. 

 

 
 

Fig. 2  Map of observation locations (a) and contours (b) in the Kalibawang 

irrigation area 

B. Data Collection 

The techniques were to identify micro-hydro potential, data 

and map collection (field study locations, irrigation 

connection, location of potential points), image photographs, 

hydrological data (rainfall, discharge), and contours. 

Hydrological data were obtained from secondary data from 

2009 to 2019. The data of irrigation canal intake was applied 

for 11 years to produce hydrographs and Flow Duration Curve 

(FDC). The mainstay discharge data and the height difference 

were the main parameters of micro-hydro potential. 

(a) 

 

(b) 

 

1737



C. Data Processing 

UAV will be efficient and effective if between Human 

(piloted) understanding machine UAV, the situation, 

environment, and methods operational for control system and 

target detection accuracy [17]. Unmanned Aerial Vehicles 
(UAVs) can be used for engineering survey works close-range 

mapping. Generally, a conventional survey involves high 

costs, huge labor, and much time. Low-cost UAVs are very 

practical in providing reliable information for many 

applications [18]. Most studies survey possible parcel points 

using ground surveys with total stations. Compared with 

ground surveys. UAV  Data comprehensively combines 

digitalized cadastral maps with the collection parcel points 

UAV aerial photogrammetry and can provide more parcel 

points [19]. 

Collecting data photographic images and DEM data in 
areas with high vegetation rates and low costs could use UAV 

[20], data capture used DJI Phantom 4 drones to produce high 

data resolution [21]. Alatas et al. explained that UAV 

measurements were required to prepare the desired flight path 

and map output scale. The flight path was measured based on 

the grid model using Pix4D Capture software, while the 

height of the flight was adjusted to the map output scale 

between 50-75 meters using the formula in equation (1): 

S = CFL / (HF2 - HG1) (1) 

Note: S = Scale, CFL = Camera Focus Length, HF2 = Flying Height above 

Object (Drone), HG1 = Ground Level levation 

 
High-resolution DEM data could be generated from aerial 

photographs [22], and was used to identify topography to 

produce head values (difference in water level between 

upstream and downstream channels), using the formula in 

equation (2): 

∆H = HUWL – HLWL (2) 

Note: HUWL = Upper Water Level, HLWL = Lower Water Level 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3  The Scheme of Height Measurement (head) using UAV data 

 

The UAV-based height difference flow chart was presented 

in Fig. 3. Taking photos started with the determination of the 

flight path and flight altitude. The aerial photography results 

were mixed (mosaics) with a series of processes as follows: 

Build Dense Cloud, Build Mesh, Build Texture, Build DEM, 

and Build Orthomosaic. The contouring of the ArcGIS 

software could be adjusted to the desired contour interval (CI) 

to produce a detailed head. Height difference (∆H) resulted 
from the reduction of the water surface of the upstream part 

of the channel with the downstream channel. In short, the 

Drone produced photos with coordinates. Then it was 

processed in the form of the point cloud (xyz data of RGB 

citizens) and then processed into DEM, then from DEM data 

to contour, the difference in contour interval could be known 

as the height difference (∆H) of micro-hydro drop potential. 

The determination of the discharge data used to determine 

the type of turbine was calculated based on the Curved 

Duration (FDC) with a probability of 85%. Meanwhile, the 

energy potential was calculated using equation (3). 

P = ρ x ɡ x Η x Ԛ x ηr (3) 

Note. : P = power, ρ = specific weight, ɡ = gravity, H = height difference 

(head), Q = flow rate, ηr = efficiency ratio 

D. Data Analysis 

1) Rainfall Data : Fig. 4a shows a rain map using the 
isohyet method. 1,2,3,4 points were in the rain range 2161-

2407 mm / year; point 5, 6 were in the range of rain 1916-

2161 mm / year; while point 7 was in the lowest rainfall range 

of 1423-1670 mm / year. The development of hydroelectric 

power plants was very dependent on the level of rainfall and 

water availability, so rain data were an important parameter 

[23]. Catchment Area management was very important to 

realize sustainable micro-hydro. 

2) River Progo Discharge and Kalibawang Irrigation 
Channel Hydrograph: The average discharge of Progo River 

was around 58.50 m3/s. A river flows throughout the year. Fig. 

4b showed the rain duration curve showing that more than 60 

inches of rainfall could be guaranteed for both 75% and 85% 

probability. This condition was- suitably possible to build 
micro-hydro [16]. Fig. 4c was a hydrograph of intake 

discharge data, with a reliable discharge of 50%, 75%, and 

90%. Mainstay discharge for a 50% probability was 

consistent at 6 m3 / s, while for a 75% and 90% probability, 

there was a decrease from May to June.  

 
(a) 

Flight mission design Aerial photo taking Aerial photo data processing 

(Using Agisoft Photoscan Software) 

Output : Aerial photo 

and DEM data 

Contour making 

(using ArcGIS software) 
Contour  

mapping 
Head 

determination 

Height 

difference 

each point 
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(b) 

 

 
(c) 

Fig. 4 (a) Rain map at the field study location (b) Rain duration starch, 

(c).Mainstay discharge 

 

Fig. 5 was a monthly hydrograph of intake discharge for 11 

years (2009-2020). 

 

 
Fig. 5  Hydrograph Irrigation Channel, average maximum discharge on July-

Agustus, in the dry season, the rice fields need a lot of water to irrigate the 

rice fields. 

3) Kalibawang Irrigation Area Intake Data Discharge: 

Flow Duration Curve (FDC) is a method utilized to 

graphically describe the relationships between the frequency 

and magnitude of the streamflow. FDC is an essential tool for 

hydroelectric power plant planning [24]. Prententage Q  FDC 

every country is different from Austria, Italy, Slovenia, and 

Romania recommendation and found that Q 95% for FDC is 

even higher than established by each respective state law [25]. 

FDC is used to get a series of daily discharges at the study site 

[26]. Fig. 6 shows the mainstay discharge FCD of 5 m3/s with 

a probability of 85%. The higher the flow rate, the equal or 
greater the smaller the probability. 

4) Data discharge Intake Kalibawang primary channel 
and mainstay discharge: The maximum discharge was 13.21 

m3/s. The average discharge was 6.02 m3/s, and the 

probability (85%) of the measured discharge was 5 m3/s. 

Based on the flow duration curve data, the development of the 

Cascade Kulonprogo micro-hydro with a probability of 85% 

with a discharge of 5 m3/s can generate 600 kW of energy.  

 

  
Fig. 6  Flow duration curve 

III. RESULT AND DISCUSSION 

A. 7-point Potential Head based on UAV Measurement 

Retrieval of data by UAV produced aerial photographs and 

dem which was then used to obtain contour data, presented in 

Fig. 7-8. The difference between the upper water level and the 

water after falling was the head (∆H). Point 1 ∆H 15m was in 

line with the existing conditions in the development of micro-

hydro. Point 2 ∆H 1.5m with P 63kW, point 3 ∆H 5m with P 

208kW, point 4 ∆H 3m with P 125kW. Points 5 and 6, ∆H are 
3m high and ∆H 8m, with P 334kW and 292kW. Point 7 ∆H 

3.5m with P 146kW. 

 
(a)                                                                                                                

(b) 
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(c)           (d) 

 
(e)        (f) 

Fig. 7 (a-f). UAV image for each point with water level information based on contour (a) Point 1, (b) Point 2, (c) Point 3, (d) Point 4, (e) Point 5 and 6, (f) Point 

7. 

 

 
(a)  

(b) 

 
(c)  

(d) 
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(e)  

(f) 

 
(g) 

Fig. 8 (a-g). Contour map at each point, (a) Point 1, (b) Point 2, (c) Point 3, (d) Point 4, (e) Point 5, (f) Poin 6, and (g) Point 7. 

 

The discovery of the potential micro-hydro cascade 

combined from points 5 and 6 could still be raised again with 

a discharge of 5 m3/s with a production of 600 kW without 

having to disrupt the existing micro-hydro. The type of 

turbine is recommended depending on the discharge 

characteristics and the height difference (head) [27]. 

Operating head classification of hydro-turbines, turbine type 
reaction for head low (<10 m) is Francis (Open Flume), 

Propeller, and Kaplan Turbine [10]. In this study, turbine 

recommendations were determined using graphs [9], 

presented in Fig. 9. 

 

B. New Assessable-Raised Potential Micro-hydro 

Table 2 showed the potential micro-hydro plan that could 

be built to make it more profitable. Micro-hydro development 

around points 5 and 6 was done because there was still a 
channel discharge that was just passed over. This meant that 

utilization of the channel discharge was not yet optimal for 

micro-hydro in the area, so further studies were needed to 

develop new micro-hydro. The plan at points 5 and 6 was to 

develop a micro-hydro system by taking a channel discharge 

of 5 m3/s and 15 m to obtain a power potential of 600 kW. 

And if all the potential was utilized, the total P was 1,840 kW 

or 1.8 MW. 

 
Fig. 9 Graph for turbine recommendations. Adapted from [9], [28] 
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TABLE II 

MICRO-HYDRO ENERGY POTENTIAL 

Point 
Coordinate 

Flow rate 

(Q) 
Gross Head 

(ΔH) 
η 

Power (P) Info 
Turbine 

Recommend 
X Y m3/s M  kW  Types  

P1 417857 9148926 5 15 85% 625,0 Existing on grid Existing Kaplan  
P2 417776 9148866 5 1.5 85% 63,5 Proposed Archimedes 
P3 415748 9148712 5 5 85% 208,5 Proposed Archimedes 
P4 415138 9149168 5 3 85% 125,1 Proposed Archimedes 

P5 413039 9147762 0,5 8 85% 33,4 Existing off grid Open flume 
P5 413039 9147762 4,5 8 85% 300,2 Proposed Open flume 
P6 412905 9147702 0,5 7 85% 29,2 Existing off grid Open flume 
P6 412905 9147702 4,5 7 85% 262,6 Proposed Open flume 
P7 411358 9142273 5 3.5 85% 145,9 Proposed Archimedes 

Total       1.793   
Source: modified from [21] 

 

C. Development of Micro-hydro Cascade Kulonprogo 600 
kW (status: proposed) (Points 5 and 6) 

Development of potential points 5 and 6 was for micro-

hydro Cascade to optimize potential with a production 

capacity of 600 kW, Q design 5 m3/s FDC probability of 85%, 

penstock pipe length +200 m, Ø 1.79 m, Kaplan S-Type 

recommendations (Fig. 9). 

D. Sustainable Irrigation Water Management for Existing 
Micro-hydro and Micro-hydro Cascade Kulonprogo 

Development 

The results of the irrigation channel discharge analysis of 7 

m3/s, with average data processing, discharge from 2009 to 

2019 obtained 6.02 m3/s, based on the FDC, the Cascade 

micro-hydro design discharge with a design discharge of 5 
m3/s by combining head point 5 and point 6. Blumbang and 

Kedungrong micro-hydro periodically require a 0.5 m3/s 

discharge, so that with an average irrigation channel of 6 m3/s, 

it could meet the needs for two existing micro-hydro and a 

new proposed micro-hydro cascade (Fig. 10). The planning of 

the penstock must pay attention to water hammer pressure, 

cavitation and erosion. Therefore, protection devices like 

pressure relief valves, surge tanks, intake gates, air chambers, 

air valves, load and flow control such as turbine wicket gates, 

spillway, and penstock control valves [29]. 

 

 
(a)                                                              (b)                                                                           (c) 

Fig. 10 Cascade hydro (a) Seven points of micro-hydro potential, (b) water management scheme for sustainable micro-hydro, (c) penstock channel Blumbang-

Kedungrong Microhydro Cascade 600 kW 

 

The proposed development of a micro-hydro cascade could 

be utilized for further maintenance and management from 

points 5 and 6. With considerable energy potential, electricity 

generated from a micro-hydro cascade could be sold to the 

electricity company to contribute to the availability of 

regional electricity and income for the sustainability of the 
micro-hydro that had been built.  

E. Micro-hydro Development and Management 

Expanding the study into more rural areas investigates the 

sustainability of MHPs and the potential at location 
development. Tariff and benefit for financial viability and 

sustainability development system. Development of micro-

hydro identifies potential, design, and opportunities to 
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introduce technology reliability of micro-hydro [30]. 

Development of cascade micro-point potential 5 and 6, with 

the benefit of two hamlets, was in Kedungrong Hamlet, 

Purwoharjo Village Samigaluh District as many as 35 houses 

and 100 houses Blumbang Hamlet, Banjararum Village, 

Kalibawang Subdistrict. Based on field findings, the Cascade 

micro-hydro with a potential of 600 kW was planned to meet 

the needs of 666 homes with 900 watts/house. Fig. 11 showed 

the current electricity distribution map and the construction of 

the Cascade micro-hydro that could distribute electricity to 

two districts, namely Samigaluh District and Kalibawang 

District. 
 

(a)                                                (b) 

Fig. 11 Graphic development of the distribution of existing micro-hydro users and future development Electricity (a) distribution in 2012-2020), (b) (Development 

of new electricity) 

TABLE III 

RESEARCH DISCOVERY 

No Parameters 
Existing micro-hydro 

(30 kW + 18 kW) 

Potential cascade 

(600 kW) 

Existing micro-hydro + cascade 

(648 kW) 

1. Water resource optimization 17% 92% 92% 
2. Electricity 135 houses 666 houses 720 houses 
3. The area is electrified Hamlet & village level : 

Purwoharjo Village 
Banjararum Village 

Two sub-district : 
Samigaluh sub-district 

Kalibawang sub-district 
Four villages : 

Purwoharjo Village 

Banjararum Village 
Banjarasri Village 

Banjarharjo Village 

Three sub-district 
Samigaluh sub-district 

Kalibawang sub-district 
Girimulyo sub-district 

Five Villages : 

Purwoharjo Village 
Banjararum Village 

Pendoworejo Village 
Banjarasri Village 

Banjarharjo Village 
4. Power/house 300-500 Volt Ampere increased to 900 Volt Ampere increased to 900 Volt Ampere 

 

 

Based on Table 3, the findings showed that the addition of 

the potential of micro-hydro cascade as a top priority for the 

development of micro-hydro, the distribution of electricity 

users could reach five times more, from 135 houses to 720 

houses. The energy generated for each house originally only 

450 VA / house increased to 900 VA/house, reaching two 

times greater. Determination of 900 watts of energy for each 
home started with complaints from users stating that 450 VA 

of power could only be used for lighting purposes. So that 

electricity needed for home industries that used large electric 

power could be handled after the addition of power. Ngowi et 

al. also showed that access to electricity leads to business 

productivity in Bulongwa, Tanzania [31]. In micro-hydro 

management, government involvement is the key to the long-

term sustainability of micro-hydro [32]. The micro 

hydropower plant has the lowest minimum payback period of 
about 1 to 6 years [33]. 
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TABLE IV 

COMPARISON DATA OF THE CASCADE BLUMBANG KEDUNGRONG MICRO HYDRO WITH OTHER EXISTING MICRO HYDRO (KAPLAN S-TYPE TURBINES) 

 

IV. CONCLUSIONS 

The total micro-hydro potential that could be developed in 

Kalibawang Irrigation Channel, Kulonprogo from Point 1-7 

and cascade reached 1.8 MW. The point that had been built 
(existing) only produces energy of 673 kW. Proposed findings 

and development of a Microhydro Blumbang-Kedungrong 

Cascade at points 5 and 6 can add electrical energy of 600 kW, 

with a potential H value of 15 m, Q design of 5 m3/s, the 

turbine recommendation is Kaplan S-Type and can improve 

the distribution of electrical energy for more than 666 homes. 

Combined existing and the new micro-hydro cascade would 

produce 648 kW, serve 720 houses, and increase micro-hydro 

consumer power from 450 VA up to 900 VA. This micro-

hydro cascade would increase production, power energy and 

expand micro-hydro energy services in two sub-districts. An 
open opportunity for further research is the feasibility of 

investment economic analysis and a Trashrack system for 

diverting organic and inorganic waste and processing system 

waste from irrigation canals. 
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