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Abstract. Pico hydro or a small scale hydroelectric power plant is used as 

the rotating energy of the generator. Pico hydro is a hydroelectric power 

plant that has a power of less than 5 kW. Technically, Pico hydro has three 

main components namely water, turbine and generator. Turbine type 

propeller reaction has a special profile that causes a decrease in water 

pressure during the blades. This pressure difference exerts force on the 

blade so that the runner (rotating part of the turbine) can rotate. Permanent 

magnets are used to produce magnetic flux. Permanent magnets used are 

rare-eatrhrod magnet material, neodymium-iron-boron NdFeB with N35 

type. The planned generator released is 36.85 V, 500 rpm, 50 hz. This 

designed water turbine has four blades which cannot change its angle. As 

for the measurement results produce a voltage of 35.1 V with a 

manufacturing efficiency of 95 %. Charging the battery voltage must be 

more than 12 V, therefore the generator must be turned at least 200 rpm 

with a voltage of 14 V to be used for charging batteries.  

 
Keywords: Charging, hydroelectric power plant, neodymium, turbine 

type propeller, renewable energy 

1 Introduction 

Nowadays, population grows rapidly along with the housing growth. This condition causes 

the electricity providers increase the power capacity, therefore the need on innovation 

generators or micro-scale generators is considered important. Generator is still less used, 

especially in areas of Indonesia that have many renewable energy sources. One of the 
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energy sources is water energy that is not utilized optimally, instead of the fact that micro-

hydro power plants are a type of renewable power plants that are environmentally friendly, 

easy to operate and low in operating costs. Initial survey held in river in Manokwari, 

Indonesia shows that the river has a hydraulic potential of around 29.5 kW. According to 

the results, a micro-hydro power plant has been planned at this location. The power plant 

will use a hydraulic potential of 25.2 kW based on a flow rate of 0.3 m3 s–1 and a head 

height of 8.6 m [1, 2]. 

The use of small-scale generators will be very helpful to the society if it is well 

developed since it is easy to maintain, control, and to obtain the materials [3–5]. The 

generators on the market today are generators that have high rpm and require initial 

electrical energy to create their magnet field. Harmonic step-time generator models are 

applied to induction and mechanical rotor electric generators for error measurement, and 

propose simple closed-form analytic expressions for illustrate. The prediction was then 

validated by testing on a 30 kW induction generator test rig [6]. 

 Hydroelectric power generation is a proven and inexpensive technology that does not 

damage the environment or in other words, environmentally friendly. It supports energy 

diversification by utilizing renewable energy, supports programs to reduce the use of engine 

fuels, and mostly uses local resource content. The great potential of water energy in 

Indonesia is 74 976 MW as much as 4 200 MW (5.6 %) in Java, while the amount of the 

exploitation is only around 5 000 MW (7 % of the existing potential) [7]. 

 The construction of each type of electricity generator is based on the technical and 

economic feasibility of the electricity center and the results of analytical studies on energy 

needs. The basic consideration is the availability of a particular energy source, the need 

(demand) for electrical energy, costs, as well as the special characteristics of each type of 

plant to support the electric power load. In addition to hydropower, pico hydro energy (pico 

hydro power plant) which the capacity is less than 5 kW have the potential of 458.75 MW. 

Therefore pico hydro is very feasible to be developed to meet the needs of electricity in 

remote or rural areas on small islands with narrow river flow [8]. 

 Run of river types of electricity planters are widely used in pico hydro-scale 

hydroelectric power plants in waterways/canals. This type of electricity generates electricity 

by naturally utilizing the river itself. The investment costs for developing the pico hydro 

power plant are relatively cheaper compared to the investment costs for hydropower. This 

is due to the simplification of construction standards and output power that is adjusted to 

rural conditions [9]. 

2 Research method 

The generator is a rotating electric engine that can convert mechanical energy or motion 

into electrical energy using the principle of electromagnetic induction. Alternating voltage 

generators produce alternating poles, called AC voltages. The main part of an AC generator 

consists of a permanent magnet, a coil, an iron core and a generator housing. In the 

generator the change in the line of magnetic force (flux) is obtained by rotating the 

permanent magnet (rotor) in the stator coil field, therefore the rotation of the permanent 

magnet causes an induction of electromotive force. Then the induced current generated in 

the form of alternating current positive and negative poles [10]. 

2.1 Radial flux permanent magnet (RFPM) generator 

The need for generators is currently growing rapidly in meeting the availability of 

electricity. Many studies began to be developed to get a generator that can be operated at 

high and low rotation. RFPM generator is a permanent magnet generator that has a radial 
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flux direction towards the rotating axis so that the flux direction is in the direction of 

rotation of the rotor. This is caused by the flux generated by the inner magnetic magnet of 

the rotor whose construction is circling around the outer winding; whereas for the winding 

there is an inner core connected rotor center. This type of machine has a strong structure 

and simple shape. Radial flux machine is a machine that does not have a difference in 

rotational speed of the rotor with the strong speed of the stator magnetic field 

(synchronous) where the magnetic field gives the radial direction by placing the stator 

around the rotor. Radial flux generators can be applied at low or high turns as shown in 

Figure 1.  

 
Fig. 1. Radial flux generator stator coil circuit. 

A generator test is carried out to find out the energy produced by water turbines and to find 

out how much voltage is flowing both the minimum voltage and the maximum voltage. 

This test is done without using a load of lights but directly battery, it aims to see the loading 

effect on the power and current generated by the generator on the battery in Figure 2.  

 

 

Fig. 2. Block diagram of generator testing. 

2.2 Testing of pico hydro scale power plants 

The test is done by arranging and connecting the output of the Pico hydro power plant with 

measuring devices such as a multimeter and tachometer to determine the voltage and 
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current in accordance with Figure 3. By measuring the rotation speed of a water turbine and 

the output voltage and current on a power plant on a water turbine. 

 

Fig. 3. Block diagram of pico hydro power plant testing. 

2.2.1 Generator rotational speed 

The basic principle of an AC generator is using the relationship between the rotational 

speed of the rotor and the frequency of the generator. The rotational speed of the stator field 

strength and the frequency of the generator which is inversely proportional to the number of 

poles based on the rotation of the minute can be stated in Equation (1): 

       

      (1) 

 

ng is the generator rotation (rpm), f is the frequency (Hz) and p is the number of magnetic 

poles (1 rpm = 1/60 Hz) 

2.2.2 Permanent magnet rotors 

In generating a magnetic field in a magnetic generator, the type of magnet used to produce 

magnetic flux is a neodymium magnet. Neodymium magnets, also known as NdFeB, are 

used as rare-earth material bar magnets, neodymium-iron-boron type magnets, a type of 

rare earth magnet, made with a mixture of neodymium metal. Tetragonal Nd2Fe14B has a 

very high uniaxial structure of magnetocrystalline anisotropy (HA~7 T). This compound 

provides the potential to have high coercivity, namely resistance to magnetic damage. 

2.2.3 Maximum flux density 

The maximum magnetic flux density values in Equation (2): 

ng =
120 × f

p
 rpm  
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(2) 

Bmax is the flux density (T), Br is residual induction (T), Lm is the magnetic high (m) and δ is 

the air gap (m). 

2.2.4 Area of magnetic field 

Designing the location of permanent magnets on the generator rotor as  in Equation (3): 

 

(3) 

 

Amagn is the area of the magnet (m2), π phi (3.14), ri is the radius in the magnet (m), ro is the 

outer radius of the magnet (m), τf is the distance between magnets (m) and Nm is the 

amount of magnetism. 

2.2.5 Maximum flux 

To find the maximum flux of a permanent magnetproduced uses the Equation (4): 

(4) 

Ømax is the maximum flux (Wb), Amagn is the area of the magnet (m2) and Bmax is the flux 

density (T). 

2.2.6 Number of stator coils 

To find the number of stator coils (Ns) needed uses the Equation (5): 

(5) 

 

Ns is the number of stator coils, Nph is the number of phases and p is the number of phases 

and p is the number of magnetic poles. Copper wire is one of the many types of electrical 

conductors based on the material. This type of wire is the first metal used as wire and cable 

material. The function of copper wire is often used for winding materials in electric 

generators. Determining the number of turns (N) is one of the most important things in the 

design of the radial flux generator in which the number of turns is influenced by several 

parameters such as the extent of the soft iron core to be used. If the area of the iron core is 

fixed, the number of turns increases, the smaller the copper wire used, and vice versa, the 

less the coil, the greater the size of the copper wire. 

2.2.7 Induction voltage 

As for the voltage from the induction generator on the generator being generated can be 

calculated through the Equation (6): 

(6) 

 

Erms is the voltage from the induction generator (V), N is the number of turns, f is the 

frequency (Hz), Ømax is the maximum flux (Wb), Ns is the number of stator coils and Nph is 

the number of phases. 

Bmax = Br ×
Lm

Lm + δ
 (T) 

Amagn =
π ro2 − ri2 − τf ro − ri Nm

Nm

(m2) 

∅max = Amagn × Bmax  (Wb) 

Ns = p ×
Nph

2
 

Erms = 4.44 ×  N × f ×  ∅max  ×  
Ns

Nph

(V) 

5

E3S Web of Conferences 188, 00006 (2020)
ICESTI 2019

https://doi.org/10.1051/e3sconf/202018800006



2.2.8 One phase power generator 

As for the power from the generator being generated, it can be calculated through the 

following Equation (7)[11]: 

(7) 

S1ø is the power generator (VA), VL-N is generator voltage (V) and I is the current (A). 

2.3 The Performance of pico hydro powerplant 

2.3.1 Water discharge 

Water discharge level (Q) can be obtained in different ways but a more suitable method can 

be measured by the speed of water flow from the river by being placed in a water pipe that 

has a cross-sectional area of the river in the same measurement place, by using the 

following in Equation (8) [12]: 

                                          (8) 

Q is the flow rate of water (m3 s–1), A is the area of the pipe cross-section rapidly (m2) and 

v is the velocity of water flow (m s–1). 

2.3.2 Height of the rapid pipe 

The height of the waterfall is also called water pressure which is created by the elevation 

difference between the water level intake and the house of the water turbine. High water 

can be obtained with vertical distance or as pressure. Regardless of the size of the water 

discharge, the higher will produce greater pressure, and therefore higher power output in 

the water turbine. It can be calculated by using the following in Equation (9): 

(9) 

Hn is the effective height (m), Hg is gross height (m) and Hloss is a high loss, around 6 % 

from the gross height (m). 

2.3.3 Turbine specific speed 

The specific speed gives an indication of the turbine's geometry and that is the starting 

point for detailed design. There are various ways to determine the specific speed (ns) of a 

hydro turbine. For this design, using the following Equation (10): 

(10) 

ns is the specific speed, nt is the turbine speed (rpm), Q is the water discharge (m3 s–1) and 

Hn is the effective height (m). 

2.3.4 Turbine runner diameter 

Determine the diameter of the runner (Drunner) can be done in various ways. One of the more 

popular ones for calculating turbine outer propeller diameters is in Equation (11): 

         

S1∅ = VL−N ×  I  (VA) 

Q = v × A (m3 s−1) 

Hn = Hg − Hloss  (m) 

ns =
nt ×  Q

Hn
3 4 
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(11) 

 

Drunner is the outer diameter of the blades (m), ns is the specific speed, nt is the turbine speed 

(rpm), and Hn is the effective height (m). 

2.3.5 Diameter hub turbin 

Diameter hub (Dhub) is the shaft of propeller type water turbine that can be estimated by the 

following in Equation (12): 

  

(12) 

 

Drunner is the outer diameter of the blades (m) and Dhub is inner diameter of the blade (m). 

3 Results and discussion 

The results of testing of one phase permanent magnet radial flux generators were carried 

out to compare the results of the generator planning with the generator measurements. In 

testing and measuring the generator, the measuring tool must be in good condition to 

improve the accuracy of the test. Generator measurements are carried out on the day and 

Wednesday, May 17, 2018. Retrieval of voltage, current and rpm data is carried out for 1 h 

(15.30 to 16.30) West Indonesian Time to determine the characteristics of the generator 

located on campus 2 National Institute of Technology Malang, Electro, Electrical Energy 

Conversion Laboratory on the first floor. Table 1 shows the results of the measurement of 

the generator without load. 

Table 1. Results of the measurement of the generator without load. 

No rpm Hz V ac V dc 

1 100 10 7.6 6.2 

2 200 20 14.5 12.1 

3 300 30 21.6 18.5 

4 400 40 28.7 25.3 

5 500 50 35.1 31.1 

6 600 60 42.4 37.4 

7 700 70 49.5 43.5 

8 800 80 56.1 49.7 

9 900 90 63.3 56.2 

10 1 000 100 70.4 62.2 

 

Data obtained from the measurement results on the day and date Wednesday, May 17, 

2018 shows that with the rotational speed of 500 rpm, voltage obtained is 35.1 V AC and 

the generator operating frequency at 50 Hz. Factors in Construction Construction where Ks 

is a reduction factor (0.85 to 0.95), E is a measurement voltage of 35.1 V, Erms is a planning 

voltage of 36.85 V, with Equation (13): 

𝐷𝑟𝑢𝑛𝑛𝑒𝑟 =  
Q

2.2 ×  𝐻𝑛

(m) 

Dhub =  0.25 +
0.095 1

ns

 × Drunner  (m) 
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(13) 

 

Figure 4 is obtained from the results of measurements on May 17, 2018. It shows that 

the rotational speed of the generator (rpm) is directly proportional to the voltage (V) i.e. the 

higher the rpm the higher the voltage. Charging the battery voltage must be more than      

12 V, the generator must be turned at least 200 rpm with a voltage of 14 V so that it can be 

used for charging batteries. Measurements of all devices ranging from generators and 

hydroelectric power plants on a pico hydro scale using propeller-type water turbines 

conducted on June 29, 2018 data collection of voltage, current, and rpm carried out for 1 h 

(15.00 to 16.00) West Indonesian Time to determine the characteristics of all electricity 

generation, while the location used to apply the tool is in the Brantas River, Punten Village, 

Bumiaji District, Batu City and the measurement results are presented in Table 2. 

 

 
Fig. 4. Graph of AC voltage and rpm of the generator without load. 

 

Table 2. Test results for charging the pico hydro-scale power plant batteries. 
 

No Time rpm V ac V battery I 

1 15.00 204 12.3 10.54 0.10 

2 15.05 233 12.8 10.57 0.13 

3 15.10 224 12.6 10.59 0.12 

4 15.15 240 13.2 10.63 0.14 

5 15.20 200 12.2 10.65 0.11 

6 15.25 213 12.4 10.68 0.13 

7 15.30 240 13.1 10.70 0.13 

8 15.35 240 13.0 10.72 0.14 

9 15.40 225 12.7 10.75 0.12 

10 15.45 218 12.5 10.77 0.11 

 

Ks  =
E

Erms
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Fig. 5. Graph of voltage and time of generators with water turbines. 

 

 
Fig. 6. Graph of current and time of generator with water turbine. 
 

Figure 5 informs that the initial battery voltage of 10.5 V. After charging for almost 1 h 

the battery voltage becomes 10.77 V, the voltage rises because there is a charging process. 

Continues in Figure 6, the flow and time graph of the generator with a water turbine at the 

rotational speed of the generator 200 rpm to 240 rpm (1 rpm = 1/60 Hz) is the most 

effective filling of the accumulator. At a rotational speed of 240 rpm the voltage is with a 

current of 0.14 A, while for the lowest rotating speed is 204 rpm with a current of 0.1 A. 

 
4 Conclusion 
 

Pico hydro is a power plant with water resources. The turbine rotary drive in Pico hydro is 

water which is an alternative energy. The generator works at a speed of 500 rpm and a 

frequency of 50 Hz. Planning produces pure AC voltage of 36.85 V and for the 

measurement results produce a voltage of 35.1 V with 95 % manufacturing efficiency. The 

greater number of turns, maximum flux, and the number of coils on the generator also 

affects the voltage produced. The greater the diameter of the email wire, the greater the 

ability to conduct current carrying capacity. After going through the rectifier of the voltage 

of 35.1 V AC dropped to 31.1 V DC, a decrease of 11.4 % is due to pure diode losses 

without any addition. Water discharge during field testing is 0.01 m3 s–1 or 10 L s–1, which 

can rotate water turbines with a speed of 200 rpm. If the water discharge is getting bigger, 

the turbine rotational speed will be greater. This is directly proportional between the water 

flow and rpm. Charging the battery voltage must be more than 12 V, the generator must be 

turned at least 200 rpm with a voltage of 14 V so that it can be used for charging batteries. 
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