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Electrical energy is a primary need at this time. In Indonesia itself, there are still several areas that still 

have problems with electricity supply. There is a need for innovation related to alternative energy to help 

overcome problems related to electrical energy. Pico hydro power plants are an alternative. The Piko 

Hydro Power Plant is a plant designed on a small scale and using hydropower. This research is about the 

design of a pico-hydro power plant, as well as strategies for seeking optimization of haversting and 

energy efficiency so that the energy produced from a pico-hydro power plant is more effective and 

maximizes its use, whether used for street lighting or other purposes. In this research, genetic algorithm 

solutions are used. A genetic algorithm is an optimization method that searches for a certain value of 

several parameters with the principle that only the best solution can survive and produce quality 

offspring. Where the genetic algorithm utilizes a natural selection process known as the evolutionary 

process. In the process of evolution, individuals continuously experience changes in their genes to adapt 

to their environment. The selection of the genetic algorithm in this research was deemed appropriate to 

adjust existing conditions. The pico hydro design uses a cross flow turbine. A cross-flow turbine is a 

small pressure turbine whose injection is tangential to the rotation of the channel about a horizontal axis. 

Therefore, research is interested in examining this matter, namely entitled "Pycohydro Design Strategy 

in seeking optimization of haversting and potential energy efficiency using genetic algorithms". The 

results of this research are from several data entered into the data processing software, namely the 

program is able to identify the calculation results of the parameter values entered and find out which data 

or calculations are efficient to use for the construction of pico hydro power plants. From the two data 

taken in different seasons, parameters were input, namely water discharge, height difference, turbine and 

generator along with the calculated values in these parameters. The results obtained were that data 

collection in the rainy season was more efficient because the water discharge was abundant and with 

sufficient irrigation flow, pico-hydro development could be carried out. 
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INTRODUCTION 

 

Electricity is one of the most important needs in everyday life today. Technological 

developments and population growth require more electricity supplies. Its availability in 

nature is decreasing, therefore alternative energy is urgently needed as a renewable energy 

source. Indonesia actually has a lot of potential renewable energy sources such as 

geothermal, biodiesel, solar, wind and hydropower. Therefore we must be able to analyze 

and see the possible uses of potential energy around us. 

 

Pico hydro power plants are one that is included in the classification of hydro power plants 
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based on power capacity. Where the Piko Hydro Power Plant is a small scale power plant 

producing less than 5 kW of power. This technology can be used at low speeds and currents. 

Piko hydro is a generator with high efficiency and quite cheap compared to others. So Piko 

Hydro is considered very effective as an alternative renewable energy in Indonesia 

 

This research is to design a design for a pico hydro power plant which aims to optimize the 

haversting or loading of the pico hydro and its energy efficiency which is packaged using a 

genetic algorithm. Genetic algorithms are used for solution selection, as the goal of the 

algorithm is to apply an understanding of natural evolution to the problem solving task. The 

approach of this algorithm is to randomly combine different choices from a collection of best 

solutions to obtain the next generation of best solutions, namely in the space that maximizes 

fitness, or often called fitness. This generation represents an increase from the original 

population. If this process is repeated many times, the algorithm is expected to simulate the 

development process. 

 

A cross-flow turbine, which is a radial flow type pulse turbine, was used in this study. A 

cross-flow turbine is a small pressure turbine whose injection is tangential to the rotation of 

the channel about a horizontal axis. Cross flow turbines are used at heights of 2 to 200 meters. 

The operation of a cross-flow turbine is based on water entering through the blades and 

starter or turbine fan. After that, the water passes through the nozzles, the water flows out of 

the free body of the turbine and through the tube under the turbine. The advantages of cross 

flow turbines are simple, easy to manufacture, cheap, durable construction and longer service 

life. 

 

From this explanation, the formulation of the research problem is: What is the picohydro 

design strategy for optimizing haversting?; What is the picohydro design strategy for energy 

efficiency using a generic algorithm? From the problem formulation it can be obtained that 

the aim of this research is to determine the Pikohidro design strategy in seeking optimization 

of haversting and energy efficiency using genetic algorithms. The benefits of this research 

are understanding and knowledge related to picohydro power plants and optimization and 

efficiency efforts using genetic algorithms as well as contributing to the progress of the world 

of education and being useful as a source of inspiration and reference material in conducting 

further research related to this research. Urgency of Research The urgency of this research 

is based on current conditions, namely in Indonesia electricity is a primary need so the use 

of electrical energy is very necessary therefore innovation is needed, namely renewable 

energy to help overcome problems related to saving electrical energy, one of which is 

hydroelectric power plants. namely picohydro and strategies for optimizing and energy 

efficiency. 

 

LITERATURE REVIEW 

 

Pico Hydro Power Plant 
 

Picohydro (Picohydro) is one of the hydropower production technologies that is categorized by 

capacity. grouped by capacity, where picohydro can only produce less than 5 kW, which is the 

lowest type of electricity production. less than 5 kW, which is the lowest type of electricity 

production. most efficient option, taking into account environmental, economic and social 

aspects. Its implementation has been successfully developed around the world. 
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The principle of operation is that by directing part of the water flow through the the main water 

pipe, water is diverted, which then enters the generating system. This system has a lower head 

than the main flow, it then passes through a turbine before returning to the main watercourse. 

 

Haversting the Potential of Pico Hydro Electricity 

 

Almost all large-scale hydroelectric potential is already utilized in developed countries. 

Increasing sustainable hydraulic energy production requires the development of technologies 

dedicated to small-scale harvesting of hydroelectric potential. The condition for meeting 

economic profitability with pico power plants below 25 kW is to minimize capital expenditure 

requirements while maximizing the efficiency of installed hydraulic machinery. installed. While 

the environmental impact of the hydropower technology applied should be negligible given the 

small output power provided. Harvesting the potential of hydropower generation on existing 

installations such as the water utility networks limits the investment and environmental impact 

of new infrastructure or other infrastructure or any other 

 

Water Flow Theory 
 

Flowing water contains energy that can be used to rotate turbines. Hydroelectric power plants 

can be divided into two groups, namely high-pressure hydroelectric power plants and low-

pressure hydroelectric power plants. The height of the water fall (h) is obtained from the 

difference between the upper and lower water levels. Fluid mechanics formulas can be used to 

determine turbine power, channel cross-sectional area and other turbine part dimensions, and 

the energy form of water flow.  

 

Power is known from turbine physics, every object on earth has potential energy which is 

expressed as: 

E = m.g.h  (1) 

 

where E is potential energy, m is mass, g is acceleration of of gravity, and h is the height relative 

to the ground. Formula 1 can be written: 

dE = dm.g.h   (2) 

 

where dE is the energy produced by an element mass dm traveling a distance h. traveling a 

distance h. If Q is defined as water flow with the following formula as follows: 

Q = dm/dt  (3) 

 

where Q is the water flow, dm is the mass element of water, and dt is the element of time, then 

it can be written: 

P = dE/dt  (4) 

P = dm/dt.g.h  (5) 

P= Q.g.h  (6) 

 

The power generated by the turbine is calculated by equation 7 without considering the 

efficiency of the turbine used. 

Considering the efficiency of the turbine used. Equation 7 takes into account turbine efficiency, 

it can be written in the equation below: 

P = ηt .γ. Q. h  (7) 
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Where P is the power generated by the turbine (kW), ηt is the efficiency of the turbine, γ is the 

specific gravity of water (9). turbine, γ is the specific gravity of water (9.18 kN/m3), Q is the 

flow capacity (m3/s), h is the net height difference (m) 

 

Cross Flow Turbine 

 

Cross flow turbines or often known as Banki turbines consist of two main parts of the turbine, 

namely the nozzle and runner. The nozzle is the stationary part while the runner is the moving 

part. The runner is made of two parallel disks connected to each other with curved blades. In 

the research, mathematical analysis and experimental models were carried out on site. The 

modeling is based on data such as; turbine diameter (D1), turbine width (W), number of blades 

(N), water discharge (Q) and generator load, blade curvature angle. The jet flow through the 

turbine assuming that its center point at point A in the figure below V1 is the absolute velocity 

of the water forming an angle α1 with the tangent of the wheel edge. The velocity of the water 

flow before entering is: 

    

    (1) 

Where V1 = absolute velocity of water (m/s), C = nozzle coefficient, g = gravity (m/s2), 

h=height (m) 

 

 

 

 

 

 

 

 

 

Figure 1. Water path through the turbine 

 

The relative speed of the incoming water v1 can be found, when the circumferential speed u1 

of the wheel at that point is known. β1 is the angle of the forward direction of the two speeds 

v1 and u1. To make the efficiency maximum, the angle of the blade must be equal to the value 

of β1. If the curved line AB represents the blade, then at point B v2' is the relative velocity at 

which water exits the inner blade. The angle β2' is the angle formed between the blade exit 

relative velocity v2' and the wheel circumferential velocity u2' at point B. The absolute velocity 

of water at blade exit, V2' can be calculated from the values of v2', angle β2' and velocity u2'. 

The angle between the absolute velocity of water (V2') and the wheel speed (u2') at point B is 

α2'. The absolute path of water flowing over blade AB can be calculated, at the actual point 

where the water leaves the blade. Assuming the absolute velocity of water does not change V2', 

at point C, where water re-enters the wheel, can be found. V2' at this point will be V1', and the 

path of water remaining over blade CD from flowing from point C to D can be ascertained. Thus 

it follows that 

 

α1'= α2', β1'= β2', β1= β2  (1) 

 

relation when the angles of the blades are equal. 
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Figure 2. Interference of water flow through the wheel 

 

The power of a Banki turbine can be calculated based on the output power equation. The 

following is the power equation for the turbine: 

 

 (2) 

 

equation (2) can be derived from the velocity triangle figure shown in Figure 1. The 

movement of turbine water from point A then through point B and pushes back at point C and 

exits through point D. An illustration of the water movement is shown in Figure 2. 

 

Genetic Algorithm 

 

Genetic algorithm is an optimization method that searches for a certain value of several 

parameters with the principle that only the best solution can survive and produce quality 

offspring. quality offspring. Meanwhile, optimization is defined as the process of obtaining the 

function. the function. 
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Figure 3. Flowchart of program development with  

Genetic Algorithm method 

 

Broadly speaking, the steps in this procedure begin with establishing a set of potential solutions 

and making changes with several iterations with the Genetic Algorithm to achieve the best 

solution. The set of potential solutions set at the beginning and is called a chromosome. These 

chromosomes are formed randomly and then the chromosomes will evolve in several iteration 

stages called generations. New generations are generated by crossover and mutation techniques. 

Crossover involves splitting two chromosomes and then combining half of each chromosome 

with other pairs. Mutation, on the other hand, involves replacing one half of a chromosome with 

another half of its partner chromosome. These chromosomes then evolve to a specified best 

solution (fitness) is determined and the best result is selected while the others are ignored. others 

are ignored. Furthermore, the process is repeated until a chromosome that has the best fitness 

chromosome that has the best fitness will be taken as the best solution to the problem. as the 

best solution to the problem. 

 

METHOD 

 

The method in this research is to use experimental methods with laboratory scale design and 

testing. The flow diagram in this research can be seen in Figure 4. 

 

 
Figure 4. Research flow diagram 

 

The detailed steps that will be taken are as follows: 

a) Problem identification, this is done to determine the topic and title to be researched 

b) Literature Study, this aims to collect as many references as reference material for 

research. 

c) Data Collection, this is done to determine the parameters used during the research. For 

example, what turbine will be used in the design, etc 

d) Data Processing, This is done by designing pico hydro power plants and making efforts 
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to optimize the haversting and energy potential efficiency which is carried out using 

genetic algorithms 

e) Testing, this is carried out to determine the feasibility of the design modeling and test 

the feasibility of the parameters, and after the testing is complete and declared feasible 

by experts, data analysis is carried out 

f) Preparing the Report, this is done after all stages have been completed. The results of 

data analysis, suggestions, conclusions, etc. are outlined in reports in the form of final 

reports, thesis manuscripts, and scientific articles which will later be journalized and 

held in conferences. 

 

MAIN RESULTS 

 

Observations were made of the ditches where it would be possible to build a pico hydro power 

plant and looked at the surrounding conditions so that a suitable pico hydro design was carried 

out by planning and calculating the turbine used, namely the crossflow turbine. 

Planning or calculating cross-flow turbine parameters using Mockmore equations, namely as 

follows: 

1) Outer diameter (D) and blade width (L) of the turbine runner 

  
2) Turbine runner inner diameter (D1) 

  
3) Distance between blades (K) 

K = 0.174 D 

4) Nozzle spray thickness (M) 

 
5) Radius of curvature of the blade (r1) 

r1 = 0.163 

6) Number of blades (N) 

  
Water power used (Pwater) 

P = ρ.g.H.Q 

Power produced by the turbine (Pt) 

Pt = T . ω 

With, 

T = F . D/2 or T = F . r 

And, 

ω = 2 π n/60 

Turbine mechanical efficiency (ηt ) 

Pturbine = Pwater . ηt 

So 

  
Turbine Roving Speed 
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Power produced by the generator (Pg) 

  
Transmission Efficiency 

 
  

So 

 
  

Based on the results of these calculations, the appropriate design drawing results are: 

 

Figure 5. Runner design of a crossflow turbine 

 

 

Figure 6. Angle of curvature of the cross flow turbine blade 
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Figure 7. Crossflow Turbine Design 

 
Figure 8. Generator Design 

 

And for genetic algorithm processing, the parameters that will be input to the program are 

determined, that is, several parameters are obtained, namely: 

a) Water Discharge 

 

Q = A x V 

 

 Where: 

Q = Water discharge (in liters per second or cubic meters per second, depending 

on the units used) (L/s) 

A = Cross-sectional area of the water flow path (in square meters) (m^2) 

V = Water flow speed (in meters per second) (m/s 

 

b) Height Difference 

 

H = H1 - H2 

 

Where: 

H = height difference (in meters, m). 

H1 = height of the water source above the turbine (in meters, m). 

H2 = turbine height above the water surface (in meters, m).  
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c) Turbine  

 Mechanical Power (Pm): 

Pm = ρ * g * Q * H 

 

Where: 

Pm = mechanical power in watts (W). 

ρ = density of water in kilograms per cubic meter (kg/m^3). 

g = acceleration due to gravity (approximately 9.81 m/s^2). 

Q = water discharge in cubic meters per second (m^3/s). 

H = water fall height (turbine depth) in meters (m). 

 

Electric Power (Pe): 

Pe = η * Pm 

 

Where: 

Pe = electric power in watts (W). 

η =turbine efficiency (usually expressed in decimal, e.g., 0.86 for 86% efficiency). 

Pm = mechanical power that has been calculated previously. 

 

d) Generator 

 

Picohydro Generator Power: 

 

P = ρ * g * Q * H * η 

Where: 

P = Electric power (watts) 

ρ = Water density (kg/m^3) 

g = Acceleration due to gravity (m/s^2) 

Q = Water flow rate (m^3/s) 

H = Height of falling water (meters) 

η = Efficiency (turbine and generator) 

 

Torque on Generator Shaft: 

T = P / (2π * n) 

Where: 

T = Torque (Newton-meter) 

P = Electric power (watts) 

n = Rotation speed (revolutions per second) 
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The parameters obtained are input to the program created, namely: 

 

 

 
Figure 9. Program 
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Figure 10. Output Programe 

 

 
Figure 11. Result 

 

Data values obtained during research or field surveys on irrigation canals are input into the 

program which has input parameters and formulas, after running the calculation of these values 

will be output. In this program, two survey data were input, namely, data taken from irrigation in 

the Mount Kawa area during the rainy season and dry season. It was obtained that the calculation 

results and output power were different, namely that in the rainy season, where the water flow 

was quite heavy, the output power was greater than during the dry season. This program can also 

include several data, not just two, but this research chose 2 conditions as representative of the 

seasons in Indonesia. 

 

CONCLUSION 

The conclusions from this research are: 

1. A pico hydro power plant is one that is included in the classification of hydro power 

plants based on power capacity. Where the Piko Hydro Power Plant is a small-scale 

power plant producing less than 5 kW of power. 

2. The application of genetic algorithms to manage the efficiency and haversing of 

picohydro really makes it easier to create hydroelectric power plants in this case 

picohydro 

3. Obtain parameters, namely in the form of input parameters (water discharge, height 

difference); process parameters in the form of generators and turbines and output 

parameters are obtained from the input 

4. Haversting and energy efficiency influence the value of the input parameters 
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5. Picohydro development is good if the water flow and height difference are 

appropriate 

6. Two tests were carried out, namely on irrigation samples during the rainy season and 

dry season as comparative data. The results obtained were that during the rainy 

season the water discharge was greater so that the pico hydro system would also be 

more optimal. 

 

 

Acknowledgment: We would like to express our deep gratitude to all parties who have 

provided support and been involved in this thesis grant research, both financially and 

technically, in research on picohydro design strategies in pursuing haversting optimization 

and energy efficiency using genetic algorithms. Without assistance, cooperation, support and 

encouragement from all related parties, this achievement would not have been realized. We 

would like to thank the research and community service institutions at Malang State 

University for supporting the funding of this research and trusting and supporting our efforts. 

Hopefully this research will provide benefits to future researchers as reference material, as 

well as be useful for all parties who need references related to this field. 

 

 

REFERENCES 
 

1. Algoritma Genetik, (http://en.wikipedia. org/wiki/Artificial_intelligence, diakses pada tanggal 12 Februari 

2023). 

2. Andolfatto, L., Euzenat, C., Vagnoni, E., Munch-Alligne, C., & Avellan, F. (2015). A mixed standard/custom 

design strategy to minimize cost and maximize efficiency for picohydro power potential harvesting. 2015 5th 

International Youth Conference on Energy (IYCE), 1–8. https://doi.org/10.1109/IYCE.2015.7180729 

3. Anwar, S., Tamam, M. T., & Kurniawan, I. H. (2021). Rancang Bangun Sistem Pembangkit Listrik Tenaga Air 

Menggunakan Konsep Hydrocat. RESISTOR (Elektronika Kendali Telekomunikasi Tenaga Listrik Komputer), 

4(1), 7. https://doi.org/10.24853/resistor.4.1.7-10 

4. Ardana, I. P. (2015). PEMANFAATAN PIKO HIDRO UNTUK MEMPERCEPAT PERTUMBUHAN IKAN AIR 

DERAS DI DUSUN PAGI DESA SENGANAN KECAMATAN PENEBEL KABUPATEN TABANAN. 

5. Ardana & Jasa.( 2016).Pemanfaatan Saluran Irigasi untuk pembangkit Piko .pdf. (n.d.). 

6. Haddin, M. (2016). Desain Pemasangan Distributed Generation Terpusat Untuk Perbaikan Tegangan Dengan 

Algoritma Genetika. 2. 

7. Jabar, M. A., Golwa, G. V., Prasetyo, C. B., & Kusuma, T. I. (2020). Analisis Efisiensi Keluaran Energi Listrik 

Prototipe Sistem Pembangkit Tenaga Pico Hydro Menggunakan Jenis Turbin Archimedes-Screw. 11. 

8. Motwani, K. H., Jain, S. V., & Patel, R. N. (2013). Cost Analysis of Pump as Turbine for Pico Hydropower 

Plants – A Case Study. Procedia Engineering, 51, 721–726. https://doi.org/10.1016/j.proeng.2013.01.103 

9. Rifqi, M., & Sukmadi, T. (2013). SIMULASI KONSUMSI ENERGI LISTRIK KRLTERHADAP KURVA 

KECEPATAN - WAKTU MENGGUNAKAN ALGORITMA GENETIK. TRANSIENT, VOL.2, NO. 1. 

10. Rinaldi, G. C. M., Hadiani, Rr. R., & Wakid, M. (2022). DESAIN PEMBANGKIT LISTRIK TENAGA PIKO 

HIDRO (STUDI KASUS: KABUPATEN MAGETAN, INDONESIA). Jurnal Riset Rekayasa Sipil, 6(1), 67. 

https://doi.org/10.20961/jrrs.v6i1.64389 



25  

11. Subekti, R. A., Susatyo, A., & Sudibyo, H. (2018). Design and Analysis of Crossflow Turbine Prototype for 

Picohydro Scale. 2018 International Conference on Sustainable Energy Engineering and Application 

(ICSEEA), 1–6. https://doi.org/10.1109/ICSEEA.2018.8627139 

12. Syarifudin, A., Hendri, & Asrullah. (2015). PEMANFAATAN SALURAN DI DAERAH RAWA PASANG 

SURUT SEBAGAI PEMBANGKIT LISTRIK PICO-HYDRO. Prosiding, 2. 

13. T. Haryono, A. F. J., Sasongko Pramonohadi ,. (2015). Optimalisasi Energi Terbarukan pada Pembangkit 

Tenaga Listrik dalam Menghadapi Desa Mandiri Energi di Margajaya. Semesta Teknika, 15(1). 

https://doi.org/10.18196/st.v15i1.440 

14. Tribowo, R. I., & Haryanto, A. (2014). Analysis of water source availability estimation for picohydro electric 

generator (Case study in Gunung Tua village, sub district of Cijambe, district of Subang, Province of West Java, 

Indonesia). 2014 2nd International Conference on Technology, Informatics, Management, Engineering & 

Environment, 363–368. https://doi.org/10.1109/TIME-E.2014.7011647 

 


