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 A hydroelectric power plant is an electrical energy generator that utilizes 

water energy to drive a water turbine coupled to a generator. The main 

problem in hydroelectric power plants is the frequency and voltage 

fluctuations in the generator due to fluctuations in consumer loads. The 

purpose of this research is to make a prototype of the Electronic Load 

Controller (ELC) system at the Pico Hydropower Plant. The main part of 

ELC is the frequency sensor and gating system. The first part is made by a 

Zero Crossing Detector, which detects the generator frequency. The gating 

system was developed with TRIAC. The method used is the addition of a 

complement load which is controlled by delaying the TRIAC. Load control 

is intended to maintain the stability of the electrical energy produced by the 

generator. The PID algorithm is used in frequency control. The results of the 

frequency sensor accuracy test are 99.78%, and the precision is 99.99%. The 

ELC system can adjust the frequency automatically by setting the firing delay 

on the TRIAC to distribute unused power by consumer loads to 

complementary loads so that the load used remains stable. The ELC is tested 

with increasing and decreasing load. The proposed ELC gives a stable 

frequency at 50Hz. Whereas at the first test, the mean voltage is 183V, and in 

the second test is 182.17V. 
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1. INTRODUCTION  

Indonesia is an archipelagic country. There are many islands, some of the remote areas are not electrified 

yet. Since the difficulty of the location to the area so that it cannot be reached by The State Electricity Company 

(PLN) electricity. Whereas, according to [1][2], around 36% population in Asia are living without electricity. 

One of the solutions to solve this problem is to utilize renewable energy in nature. Non-renewable electricity 

resources will run out, so water energy can be used as an alternative that can be used as a substitute for non-

renewable energy. Electrical power from water can be utilized with potential energy or kinetic energy produced 

by the water itself. 

A hydroelectric power plant or hydropower is an electrical energy generator that utilizes water energy to 

drive a water turbine coupled to a generator. Hydropower is the most extensively used of renewable power, 

with around 19% of global electricity [3]. Based on the amount of electric power generated, there is a so-called 

pico-hydro power plant capable of producing a maximum output of up to five kilowatts [4]. Pico hydropower 

is simple, flexible, and inexpensive; hence, it is easy to install, work, and manipulate [5]. Pico hydro is very 

useful in the small remote community since it is low cost and solves the problem of transmission distance from 

power plant [6]. Therefore, according to [7][8], pico hydro is the best alternative for electricity production in 

remote and rural areas. 

The main problem in hydroelectric power plants is the frequency and voltage fluctuations in the generator 

due to fluctuations in consumer loads. Controlling the voltage and frequency of the generator can be done by 
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maintaining an active power balance between generator power and consumer load power [9]. Control of 

frequency and active power is called load frequency control (LFC) [10]. The LFC is intended to maintain the 

power balance in the system to ensure the frequency variation is within a specified range [11][12]. Electronic 

Load Controller (ELC) is the device used to do LFC to solve the problem of frequency fluctuation [13]. 

In order to obtain a constant generator frequency, regulation is carried out on ballast load with several 

techniques such as phase angle regulation and binary load [14]. It is hoped that by using a regulation system, 

the system can work optimally in frequency control. According to [15], there are four group of LFC control 

which are: (i) classical control such as PID [16][17]; (ii) modern control including optimal control, sliding 

mode control, distributed model predictive control [18]; (iii) intelligent control such as fuzzy-logic [19][20], 

and artificial neural network [21]; (iv) soft-computing based approach for controller parameter tuning for 

instance using Genetic Algorithm (GA) [22], Particle Swarn Optimization (PSO) [23][24] and Differential 

Evolution [25]. In this research, PID is used since, according to [9], it is most popular in LFC, and it has a 

simple structure and robustness. 

The contribution of this research is the proposed simple ELC for the Pico hydropower system, which is 

suitable for installation in a remote area that requires easy to maintain and low-cost controllers. This paper is 

organized as follows. Section II presents the material and method used in this research. In section III, the 

experiment result is discussed. Finally, the conclusion is in section IV. 

 

2. MATERIALS AND METHOD  

2.1. Pico Hydropower System 

A pico hydropower plant is a power plant that is classified as a small-scale power plant that produces less 

than 5 kW of electrical energy [26]. Pico-scale hydroelectric power plants, in principle, utilize the difference 

in height and the amount of water discharge per second that exists in the flow of water from irrigation canals, 

rivers, or waterfalls. This water flow will rotate the turbine shaft to produce mechanical energy. This energy 

then drives the generator to produce electricity [27]. 

Hydroelectric power is a form of power change from hydropower with a certain height and flows into 

electric power, using a water turbine and a generator. Therefore, the power generated is dependent on the high 

and flowrate of the water [28][29]. The illustration of a pico hydropower plant is shown in Fig. 1. The power 

resulting can be calculated based on (1) [30]. 

 𝑃 = 𝜌𝑔ℎ𝑄 (1) 

Where P is power from water kinetic energy (HP), ρ is water density (kg/m3), ց is the gravitational acceleration 

(9.8 m/s2), ℎ is the effective height (m), and Q is the water flow rate (m3/s). 

  

2.2. Generator 

Generator Set or Genset is a device that functions to generate electrical power. Referred to as a generator 

set with the understanding is a set of equipment combined from two different devices, namely the engine and 

generator or alternator. The engine is usually a diesel engine as a rotating device, while a generator or alternator 

is a power generating device. The engine can be a diesel engine set with diesel or gasoline, while the generator 

or alternator is a copper coil or coil consisting of a stator (static coil) and a rotor (rotating coil). 

The proposed ELC test was carried out using a mini generator due to the location of the pico hydropower 

plant, which is located in a remote area. The specifications of the generator used are shown in Fig. 2, which is 

a single-phase AC generator with a maximum power of 650VA. 

 

  

Fig. 1.  Pico Hydropower Plant Fig. 2. Genset Specification 
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2.3. Electronic Load Controller (ELC) 

Electronic Load Controller (ELC) is a device used as LFC in a Pico-Hydropower Plant (PHP). If the 

power generated is more than the total consumer load demand, frequency increases and vice versa [31]. The 

ELC functions as a distributor of unused power by consumers, transferred to complementary loads so that Pm 

(Generator Power) = Pe (Consumer Power and Complementary Power). Thus the rotation of the generator will 

also be constant so that the voltage changes that occur are not significant or are still within tolerance limits. 

The control block diagram of an ELC is shown in Fig. 3. The turbine is rotated by the water kinetic energy, 

which then turns the generator. Electrical power from the generator is sent to ELC, which controls the power 

distribution between consumer and complement load. 

The ELC maintains the output power of the generator. Changes in the rotation (frequency) of the generator 

can be caused by changes in driving power. If the power of water entering the turbine is kept constant so that 

the driving force of the turbine is always constant, then the frequency and response of the generator will be a 

function of the load. Hence the frequency produced by the generator is always constant. The load from the 

generator must always be constant. For this reason, an artificial load is needed whose load can be adjusted 

according to the reduction of the load. This artificial load is called the complement load or dummy load. At a 

certain load condition (e.g., at a load of 75% full load), the power of the water entering the turbine is regulated 

so that the desired generator rotation is obtained. If at the consumer load there is a decrease in load by ΔP, then 

the complement load will be passed by the current, which on average will be equal to the decrease in current 

due to a decrease in consumer load (ΔP). Thus the generator will be loaded with a constant total load. 

 

Fig. 3. Block diagram of ELC system 

 

2.4. Zero-Crossing Detector 

This method serves to determine the frequency of a wave by detecting the number of zero points in a time 

range. The zero-crossing detector is a circuit that functions to detect the intersection of the sine wave at the AC 

voltage with the zero point so that it can provide a reference signal when the TRIAC starts. By using a zero-

crossing detector, it can detect the zero point as well as convert a sinusoidal signal (sine wave) into a square 

wave. The intersection of the zero points detected is at the time of the transition from the positive cycle to the 

negative cycle and the transition from the negative cycle to the positive cycle, illustrated by Fig. 4. The negative 

side of the sinus wave is inverted; hence no negative part. When the wave value is zero, the zero-crossing 

detector is activated by giving a high signal. 

TRIAC stands for Triode Alternating Current, which means it is a triode switch for alternating current. 

TRIAC is a development of its predecessor, namely Diode Alternating Current (DIAC) and Silicon Control 

Rectifier (SCR). All three are sub-types of thyristors, silicon-based devices that are commonly used as 

electronic switches, in addition to transistors and Field Effect Transistors (FETs). The difference between the 

three is in the combination of the constituent elements, as well as in the direction of the conduction of electric 

current through them. TRIAC is actually a combination of two SCRs or Thyristors that are designed anti-

parallel with one gate electrode that is fused. 

The TRIAC has the same switching characteristics as the SCR, except that the TRIAC can conduct in 

multiple directions. TRIAC can be used to control the flow of current in an AC circuit by adjusting the firing 

angle of TRIAC. The illustration of the TRIAC output waveform is shown in Fig. 5, where α is the firing angle 

or firing delay, which delays the TRIAC output wave. At the same time, thyristors work by adjusting the angle 

of ignition as needed so that the output voltage can vary. The setting of the thyristor ignition angle for the AC 

source uses the network voltage as a reference, which is detected by the zero-crossing detector because the 

thyristor blackout technique for the AC source is network commutation or also known as a natural blackout 

technique, namely the thyristor will turn off when it is in a reverse-biased state, where the performance depends 

on the zero-crossing operation of the source voltage. With the zero-crossing operation, the timing of the 

thyristor ignition can be set. 
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Fig. 4. Zero-Crossing Detector Output Fig. 5. TRIAC output waveform [32] 

 

2.5. System Design 

The ELC design consists of two stages that can be done simultaneously, namely software and hardware. 

Software design is the creation of a program to run the ELC. The design of the software begins with the 

algorithm, which reads the frequency from the output of the Zero-Crossing Detector. The targeted frequency 

is 50 Hz, if the read frequency is less than 50 Hz, the microcontroller will increase the firing delay on the 

TRIAC so that the power output to the dummy load will decrease, and if the read frequency is greater than 50 

Hz, the microcontroller will reduce the firing delay on the TRIAC; hence, that the power output to the dummy 

load will increase. Hardware design is the prototyping of Electronic Load Controllers. The design begins by 

making a circuit diagram of the system, as shown in Fig. 6. The Genset is used to replace the pico hydropower 

in laboratory testing. Zero crossing detector to detect system frequency. Arduino Uno was the main control of 

TRIAC and sent the data to the PC. TRIAC is used as a gating to send the excess power to the complement 

load. There are lamps as consumer load and a heater as complement load. 

The ELC system uses a zero-crossing detector circuit to find the zero intersection of the sinusoidal signal. 

The Zero Crossing Detector circuit consists of a diode bridge, a filter, and an optocoupler circuit. The filter 

circuit is a low pass filter circuit that is used to remove noise from the generator output before entering the 

zero-crossing detector circuit. The optocoupler circuit uses IC 4N25 to convert the output signal from the diode 

bridge into a square signal so that it can be read by the microcontroller. It also detects the zero-crossing part of 

the signal. The zero-crossing detector is shown in Fig. 7. 

The filter circuit uses resistor and capacitor components. The resistor used is 1KΩ, and the capacitor is 

0.1 uF. The value of the resistor and capacitor can be calculated as (2). 

 𝑓 =
1

2𝜋𝑅𝐶
 

(2) 
 𝑓 =

1

2 ∗ 3.14 ∗ 1000 ∗ 0.0000001
 

 𝑓 = 1.592 𝐻𝑧 

From the calculation of the low pass filter, it can be seen that the frequency value obtained is 1,592 Hz. 

Therefore, a frequency greater than 1.592 Hz will be blocked. TRIAC driver circuit, Fig. 8, consists of an 

optoisolator MOC3032M which is used as a separator between the microcontroller and the high voltage 

generator. TRIAC BTA12 is used to control the incoming power to the dummy load by adjusting the firing 

delay.  

The control method used is PID to stabilize the output frequency where the set-point input is 50Hz. The 

PID parameters tuning is done by trial. The frequency measurement from the zero-crossing detector is used as 

feedback. The output of PID is the firing delay of TRIAC, which is sent to the TRIAC driver and controls the 

TRIAC activation.  
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3. RESULTS AND DISCUSSION  

The laboratory testing is done to test the proposed ELC. The consumer load consists of 3 lamps arranged 

in parallel, each of 100W and directly connected to the generator output. Whereas the complement load is a 

350W water heater. The design of the ELC system begins with creating a circuit schematic using EAGLE 

software and then printing the circuit path to the PCB. The printed PCB will be drilled for the components to 

be installed, then soldered. The schematic of the proposed ELC is shown in Fig. 9. There is four main part 

which is: (1) I/O port, (2) Zero Crossing Detector, (3) TRIAC and its driver, (4) Arduino Uno. The hardware 

implementation is shown in Fig. 10 where the number (1) is a terminal block, (2) is a transformer, (3) is Arduino 

UNO, (4) is capacitor, (5) is Diode, (6) is Optocoupler 2N25, (7) is Optocoupler MOC323, (8) is TRIAC 

BTA12, (9) Consumer load, (10) socket for complement load. The transformer is used to step down the voltage 

before entering the Zero Crossing Detector. 

 

Genset

Zero Crossing 
Detector

TRIAC

Consumer 
Load

Arduino Uno

Serial Monitor

Complementary 
Load

 
Fig. 6. System block diagram 

 

 
Fig. 7. Zero Crossing Detector schematic 

 

 
Fig. 8. TRIAC Driver 
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Fig. 9. Proposed ELC Schematic 

 

 
Fig. 10. Hardware testing of the proposed ELC 

 

3.1. Sensor Testing 

Zero crossing detector testing is done by providing an input signal from the generator and seeing the zero-

crossing reading output. This test is carried out to find out that the circuit is running well for use in the 

Electronic Load Controller system. Fig. 11 shows the zero-crossing detector without and with a low pass filter. 

Without a filter, the sensor output is very noisy, which makes the reading not accurate. After using the low 

pass filter, the sensor reading is very clear. Since the diode bridge is used, the output waveform is all positive 

since the negative part is inverted. The valley of the wave means the zero-crossing part; therefore, it is used to 

calculate the frequency. 

Sensor testing aims to determine whether the sensor readings are in accordance with the actual measuring 

instrument. The difference in sensor readings is used to recalibrate the sensor. Testing the level of accuracy 

and precision is carried out to find out how much error is contained in the sensor. The level of accuracy is 

represented by the value of the root mean square error (RMSE). The smaller the RMSE value, the better the 

level of accuracy. The sensor precision level test is represented by the mean relative standard deviation 

(MRSD). The smaller the coefficient value, the better the level of precision. 
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(a)Without filter (b)Using low pass filter 
Fig. 11. Output Zero Crossing Detector 

 

The accuracy testing of the frequency sensor is done by experiment with repeated frequency readings. 

The experimental data were compared with the results of the frequency reading on the oscilloscope to find the 

root mean square error (RMSE) value. A small RMSE value indicates a better level of accuracy. From Table 

1, it can be seen that the frequency sensor readings using a zero-crossing detector have a low error with an 

RMSE value of 0.22% with a sensor reading accuracy of 99.78%. Whereas the precision testing result is listed 

in Table 2, it shows that the precision of the frequency sensor is 99.99%. 

 

Table 1. Accuracy Testing of Frequency Sensor 
No. Oscilloscope 

Frequency (Hz) 

Sensor 

Frequency 

(Hz) 

Error 

(%) 

1 50.1 50 0.1 

2 50 50 0 

3 50 50 0 

4 50 50 0 

5 49.9 50 0.1 

6 49.9 50 0.1 

7 49.8 49 0.8 

8 49.8 50 0.2 

9 50 50 0 

10 49.9 50 0.1 

11 50.1 51 0.9 

12 50 50 0 

13 49.9 50 0.1 

14 49.9 50 0.1 

15 49.7 49 0.7 

Error 0.22 

Accuracy 99.78 
 

 

Table 2. Precision Testing of Frequency Sensor 
No. Sensor 

Frequency (Hz) 

1 50 

2 50 

3 50 

4 50 

5 50 

6 50 

7 49 

8 50 

9 50 

10 50 

11 51 

12 50 

13 50 

14 50 

15 49 

Standard Deviation 0.46 

Mean 49.93 

RSD 0.0000916698 

Precision 99.99 
 

 

3.2. No ELC 

 No ELC testing is done to know the Genset characteristic without ELC. The test is done without and with 

the load. The no-load test result is shown in Fig. 12. It shows that the relation between voltage and frequency 

output is linear. Even the Genset specification is 220V 50Hz when the voltage is 220V. The frequency is 55Hz. 

Whereas when the frequency 51Hz, the voltage output is only 120V. This shows that the old Genset used in 

this test is not in the best performance. 

 The loading characteristic without ELC is done by giving a 300W load to the Genset step by step. The 

result is shown in Fig. 13. It is seen that when the load of 100W is added, the voltage drops to 135V with a 

frequency 50Hz. When the load becomes 200W, the voltage output is 118V with a frequency 47Hz. The last 

load, 300W, the output voltage is 106V with 45Hz. It means without ELC, the voltage and frequency drop are 

very high. 
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Fig. 12. No load genset output Fig. 13. Genset loaded without ELC 
 

3.3. Using ELC 

The ELC test is carried out by giving the load of 3 lamps with a total power of 300 Watts and then 

increasing the gas lever on the generator so that it reaches a voltage of 220 V with a frequency of 53 Hz. Testing 

is done by two methods. The first method is carried out by increasing the total load and the second method is 

by decreasing the load. 

The method of increasing the load is done by several tests. The first test is by turning on the Genset and 

turning off all lamp loads so that it is in a no-load condition. The second test is to turn on 1 lamp of 100W and 

then record the response in stabilizing the output frequency on the generator. The third test is to turn on 2 lights 

so that the power used becomes 200W. The fourth test is by turning on 3 lights so that the power used becomes 

300 W then recording the response in stabilizing the frequency. 

The result of the increasing load test is listed in Table 3. After the Genset is activated during the no-load 

condition, the frequency immediately drops from the previous 53 Hz to 50 Hz. The frequency that drops and 

is constant at 50 Hz indicates that the system, including ELC, is working properly. The voltage that was 220 V 

dropped to 186 V due to the reduced rpm of the generator engine, which follows the frequency reduction. The 

voltage drop is also due to the low efficiency of the generator, as seen in the no-load generator test, where at a 

voltage of 220V, the output frequency is 55 Hz. Tests with 1 lamp, 2 lamps, and 3 lamps also performed well 

at a stable output frequency of 50 Hz and stable voltage, which is 183±1V. The addition of the load affects the 

delay given to the TRIAC. The greater the value of the power used, the greater the delay. The output on the 

dummy load will decrease as the power used in the main load increases. Fig. 14 shows the output frequency of 

the system and the corresponding firing delay of the TRIAC. When the load is increasing, the firing delay is 

also increased, which means a smaller TRIAC opening to the dummy load. There are many fluctuations in the 

graph which means the system maintains the output frequency at 50Hz. 

The load reduction method is carried out by several tests. The first test is to turn on the Genset and turn 

on all the lamps so that the total load used is 300 W. The second test is to turn off 1 lamp so that the main load 

becomes 2 lamps worth 200W, then record the response. The third test is to turn off 1 more lamp so that the 

power used becomes 100 W and then record the response of the ELC in stabilizing the frequency. The fourth 

test is to turn off all lights so that no load is used and then record the response in stabilizing the frequency. 

In Table 4, it can be seen that the test starts at a load of 3 lamps of 300 W. The constant output frequency 

at 50 Hz indicates that the device is working properly. Tests with 2 lamps, 1 lamp, and without lamps also 

worked well at a stable output frequency of 50 Hz. The decrease in load affects the delay given to the TRIAC. 

The smaller the power value used, the smaller the delay. The output on the dummy load will increase as the 

power used in the main load decreases. Whereas Fig. 15 shows the TRIAC switching condition. It is inverse 

from Fig. 14. Decreasing the number of loads makes the firing delay decreases which means more power is 

sent to the dummy load. 

 

Table 3. Increasing Load Testing 

Load Generator Output Dummy Load 

V (v) I (A) P (W) Freq (Hz) V (v) I (A) P (W) 

No load 186 0 0 50 132 1.6 211.2 

100W 183 0.2 36.6 50 99 1.4 138.6 

200W 184 0.8 147.2 50 65 1 65 

300W 182 1.3 236.6 50 41.5 0.7 29.05 
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Table 4. Decreasing Load Testing 

Load Generator Output Dummy Load 

V (v) I (A) P (W) Freq (Hz) V (v) I (A) P (W) 

300W 182 1.3 236.6 50 41.5 0.7 29.05 

200W 182.1 0.8 145.68 50 69.3 1 69.3 

100W 180.3 0.2 36.06 50 101 1.5 151.5 

No load 187 0 0 50 132.6 1.6 212.16 
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Fig. 14. ELC increasing load test Fig. 15. ELC decreasing load test 
 

4. CONCLUSION 

The design and prototype of the ELC for the Pico Hydropower Plant(PHP) are already done and tested 

on the laboratory scale.  The main part of ELC is the frequency sensor and gating system. The first part is made 

by a Zero Crossing Detector, which detects the generator frequency. The gating system developed with TRIAC 

has the function to distribute the power to the consumer and complement load based on the frequency condition. 

The results of the frequency sensor accuracy test are 99.78%, and the precision is 99.99%. The ELC system 

can adjust the frequency automatically by setting the firing delay on the TRIAC to distribute unused power by 

consumer loads to complementary loads so that the load used remains stable. The ELC is tested with increasing 

and decreasing load. The proposed ELC gives a stable frequency at 50Hz. Whereas at the first test, the mean 

voltage is 183V, and in the second test is 182.17V. The low output voltage is due to the low efficiency of the 

generator, as seen in the no-load generator test, where at 220V, the output frequency is 55 Hz. 
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