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Abstract 

In line with the increase in the electrification ratio target to 100% in 2025, the 

electricity demand is projected to increase more than 7 times to 1,611 TWh in 2050. 

the share reached 58% or about 50 GW. On the other hand, the current energy 

diversification carried out by the government is directed at the utilization of 

renewable energy that exists in nature. One of the important components in this 

power plant is the battery. This is because the battery functions as a store of energy 

generated from the vertical wind turbine. After use, the battery needs to be 

recharged. The process of recharging the battery that is not suitable can cause a 

decrease in battery performance. Therefore, in the process of charging this battery, 

a safe battery charging system is needed for the battery to maintain battery 

performance and extend battery lifetime. This battery charging system uses a PI 

control system. From the research that has been done, it was found that. From the 

research that has been done, it is found that the output voltage value of the battery 

charger that is made has an average error percentage of 1.373% and the power 

output efficiency of the battery charger is 83-95%. 

  

 This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. ©2021 by author. 

I. INTRODUCTION  

In line with the increase in the electrification ratio target to 100% in 2025, the electricity demand is 

projected to increase more than 7 times to 1,611 TWh in 2050 [1]. Taking into account various factors, 

additional power generation capacity during the period 2015 s.d. 2019 is estimated at only 12 GW. Currently, 

power plants that have COD (Commercial Operation Date) only operate about 4% (± 1.5GW). Under these 

conditions, the implementation of the 35 GW program is estimated to be achieved in 2025 – 2026 [2]. In 

2025 coal-fired power plants are estimated to continue to dominate with a share of 58% or around 50 GW 

[3]. According to BPPT in 2018, coal reserves will run out within 68 years. One of the largest electricity 

users in Indonesia is the household sector [4]. During January-July 2020, the largest electricity consumption 

from the household sector was 42.25% or reached 47.5 TWh. 

One way that can be done is by utilizing renewable energy that is so abundantly available in nature [5]. On 
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the other hand, the current energy diversification carried out by the government is directed at the utilization 

of renewable energy that exists in nature. As a solution to the high consumption of household electricity and 

to take advantage of the potential of wind and water as a manifestation of energy diversification, a portable 

power plant design was created [6]. One of the important components in this power plant is the battery. 

In another study conducted by Jamal in 2019, research was carried out on the angle of the vertical wind 

turbine blade placement which was carried out with 4 angle variations, namely 22.5°, 45°, -22.5°, and -45°. 

Where the purpose of this study is to find out how the position of the most efficient wind turbine blades. 

From the research conducted, it was found that the highest power coefficient that can be produced by wind 

turbines is in wind turbine research with a pitch angle of 45° Cp max 7.39% with a tsr of 0.422 [7]. 

Furthermore, one of the important components in this power plant is the battery. This is because the battery 

functions as a store of energy generated from a vertical wind turbine. After use, the battery needs to be 

recharged [8]. 

The process of recharging the battery that is not suitable can cause a decrease in battery performance. In a 

previous study conducted by Robiansyah in 2017, a study was conducted on charger controllers using a buck 

converter. The purpose of this research is to design a charge controller for small scale utilization. Where from 

the research conducted, it was found that the output voltage value of the charger controller was a maximum 

of 13.5 V with a maximum current output of 3 A. 

This is because the battery functions as a store of energy generated from the vertical wind turbine. After 

use, the battery needs to be recharged [9]. The process of recharging the battery that is not suitable can cause 

a decrease in battery performance [10]. Therefore, in the process of charging this battery, a safe battery 

charging system is needed for the battery to maintain battery performance and extend battery lifetime. This 

battery charging system uses a PI control system. 

II. METHODS 

After taking data and studying literature, then the turbine design and charge controller will be made, this 

activity is useful to provide an overview of the tool to be made. Where in the picture below is a block 

diagram of the charge controller system that will be made. 

 

 

 
Figure 1. Block diagram of design concept system 
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The working system of this tool is that the mechanical energy from the wind turbine will be converted 

into electrical energy [11]. where the output of the generator will be measured by the voltage and current 

values by the voltage sensor and the input current sensor. Furthermore, the output from the generator goes 

to the input buck converter where after that the output from the buck converter will be measured again for 

the voltage and current values, then the voltage value from the output buck converter will be processed by 

the PI controller and the output from the PI controller is the PWM duty cycle which is used to regulate the 

output. from the buck converter [12]. After that the output of the buck converter passes through the relay 

and is used to charge the battery. where when the battery is full then the relay will be disconnected [13]. 

After that, proceed with making a wiring diagram of the charge controller system in this study where in 

the picture below is a wiring diagram of the system that will be made. 
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Figure 2. Wiring diagram of charge controller 

 

At this stage, it is done by making a chart containing the components used. This stage aims to support 

the performance of the tool made. After that, the planning stage of the component quantities that compose 

the buck converter circuit is carried out. 

Input Voltage (Vin) = 18 V 

Switching Frequency (fs) = 0.98 Khz 

Resistive Load (R) = 560 Ohm 

Ripple Voltage (Vs) = 2 Volt 

Next, determine the values of Kp and Ki used for PI control on the buck converter, where this stage is 

done by observing the output voltage wave on the buck converter circuit made on the PSIM application. 

Below is a series made on the PSIM application. 
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Figure 3. Buck converter circuit in PSIM application 

 

From the circuit that has been made, run simulation is carried out and the output voltage waveform of the 

buck converter is known as below. 

 
 

Figure 4. Voltage output waveform of PSIM simulation 

 

From the simulation results of the open-loop buck converter as shown in the picture above, it is found 

that the response wave of the output voltage at steady state is 14.26 V with a steady state time of 66.89 ms. 

Based on the waves obtained in the above test, the following data were obtained: 

Steady state time (𝑇𝑆) = 66.89 ms 

Steady state voltage (𝑌𝑆𝑆) = 14.26 volts 

Target voltage (𝑋𝑆𝑆) = 14.4 volts 

The first step is to determine the gain over all (K) value. 

𝐾 =
𝑌𝑆𝑆

𝑋𝑠𝑠
  [14] (1) 
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     =
14,26

14,4
 (2) 

     = 0,99 (3) 

Next is the determination of the value of the time constant (τ) 

𝑡𝑠  = 5τ [15] (4) 

τ   =
66,89 𝑚𝑠

5
 (5) 

τ   = 13,378 ms (6) 

So that the open loop transfer function can be determined as follows [16]: 

𝑂𝐿𝑇𝐹 =
𝐾

τS + 1
    [17] (7) 

𝑂𝐿𝑇𝐹 =
0,99

13,378 S + 1
 (8) 

 

As for the Close Loop Transfer function (CLTF) as follows [18]: 

𝑡𝑠
∗  = 5τ (9) 

𝑡𝑠
∗  =

1

𝑛∗
𝑥𝑡𝑠 (10) 

𝑡𝑠
∗  =

1

5
𝑥66,89 (11) 

𝑡𝑠
∗  = 13,378 (12) 

So:  

𝜏∗ =
𝑡𝑠

∗

𝑛
=

13,378

5
= 2,6756 (13) 

So that: 

𝐶𝐿𝑇𝐹 =
1

𝜏∗𝑠 + 1
=

1

2,6756 𝑠 + 1
 (14) 

𝐾𝑝 =
𝜏

𝑘𝜏∗
=

13,378

0,99 𝑥 2,6756
= 5,5050 (15) 

𝐾𝑖 =
𝐾𝑝

𝜏
=

5,5050

13,378
= 0,4114 (16) 

From the calculations that have been carried out, it is found that the values of Ki and Kp are as large as 

0.4114 and 5.5050. 

Below is a mechanical design of a portable power plant. Information can be seen in the image below. 
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Figure 1. Prototype Design of hybrid power plant 

 

In this design there is a solar panel that is useful as a hybrid of a savonious turbine in order to increase 

the output power of the power plant. 

After getting data on wind speed characteristics testing, the next step is to design a vertical wind turbine 

blade. The first design stage is done by calculating the total area of the turbine blades (the area of the tube 

blanket). 

𝑃 = 𝐶𝑝𝑟
1

2
𝜌𝐴𝑣3 (17) 

Where : 

 P  = power (Watts) [19] 

Cpr  = Rotor Power Coefficient (0.3) [20] 

ρ = viscosity of air [21] 

A  = total area of all blades (m2) 

v  = wind speed (m/s) 

𝐴 =
2𝑃

𝐶𝑝𝑟𝜌𝑣3
 (18) 

 

The average turbine Cpr value is 0.158 [21], so: 

  =
2𝑥15

0,158 𝑥 40,75 𝑥 4,66
 (19) 

  = 1,9538 𝑚2 (20) 

From the calculations that have been made, it is found that the total number of turbine blades is 3 m2. 

After that proceed with determining the size of each blade [22]. In this study, a vertical axis wind turbine 

with 3 blades was used. 

𝐴 = 𝐾 𝑥 𝐿 (21) 

Where: 

A = area of the entire blade (m2) [23] 

L = blade length (m) 

K = circumference of circle/ width of blade (m)  

𝐾 =
𝐴

𝐿
 (22) 

  =
1,9538 𝑚2

0,04 𝑚
 (23) 
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  = 44,406 𝑐𝑚 (24) 

After obtaining the length and width of the blade, the next calculation will be on the length of the 

bowstring of the blade [24]. This is used to find out how big the curvature of the blade is. This calculation 

technique is done by using the formula for a triangle in a circle with an equilateral triangle shape. 

 

𝐷 =
𝐾

𝜋
 (25) 

𝐷 =
44,406

3,14
 (26) 

𝐷 =  14,142 𝑐𝑚 (27) 

After that, the length of the bowstring for each blade is determined. This is done to determine the 

curvature of the turbine blades that are designed. 

r =
𝑎𝑥𝑏𝑥𝑐

4𝑥𝐿𝑎𝑏𝑐
   [25] (28) 

7,07 =
𝑎𝑥𝑏𝑥𝑐

4𝑥
1
2 𝑥𝑎𝑥𝑎√2

 
(29) 

Because a = b = c [26], so: 

7,07 =
𝑎

2𝑥√2
 (30) 

𝑎 = 24,15 cm (31) 

The following is a detail of the size of the turbine that has been carried out in the design process: 

 
 

Figure 2. Blade dimension of TASV 
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III. RESULTS AND DISCUSSIONS 

A. Turbine Testing on Hydro Energy 

This test was conducted to determine the power generated by the turbine to hydro energy. This test was 

conducted in Singopadu Village, Tulangan District, Sidoarjo. The test data can be seen in table below. 

Table 1. Test Results of the Effect of River Water Flow Velocity on the Power Produced 

From the tests that have been carried out, a graph can be made as below. 

 
 

Figure 7. Turbine voltage output graph (hydro) 

 
 

Figure 3.  Turbine current output graph (hydro) 

Based on the tests that have been carried out, it is known that the higher the speed of the water flow, the greater the 

power generated and vice versa. From the data obtained, each rotation, the turbine can produce a power of 55.2 W. 

B. Turbine Testing on Wind Energy 

This test aims to determine the amount of electrical power produced by wind energy with a power plant prototype. 

The test was carried out on July 14, 2020 at Kenjeran Beach with 4 variations of speed. The test result data can be 

seen in the following table. 

Table 2. Table of wind turbine test results 
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No. 
Velocity of water flow 0,42 m/s 

Voltage (V) Current (A) 

1. 16,66 0,57 

2. 16,61 0,48 

3. 17,9 0,47 

4. 16,864 0,55 

Average 17,01 0,52 

Wind velocity variations 
Variable testing 

Voltage (v) Current  (A) 

4 17,1 0,287 

5 17,3 0,387 

4,5 17,2 0,287 

4.3 17,4 0,287 

Average 17,25 0,31 
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 From the tests that have been carried out, a graph can be made as below. 

 

Figure 9. Turbine voltage output graph (wind) 

 
Figure 10. Turbine current output graph (wind) 

Based on the test data obtained, the average output voltage is 17.25 volts. In this test, a good wind speed 

was taken for this savonious turbine, this is because previously the savonious turbine was designed for wind 

with a speed of 4 m/s. The faster the wind speed, the greater the power generated. 

 

C. Solar Panel Test 

This test is carried out with the aim of knowing the maximum power that can be produced by solar panels. 

The test was carried out at 9:00 to 15:00 WIB. The test is carried out using a 120 ohm load resistor and 

measured using a multimeter to determine the amount of voltage and current output from the solar panel. 

The data can be seen in the table below. 

Table 3. Solar Panel Power Test 

Time Voltage (V) Current (A) Temperature (˚C) 

9:00 18,79 0,153 49 

9:30 18,88 0,156 54 

10:00 18,75 0,337 56 

10:30 18,93 0,107 62 

11:00 18,44 0,287 58 

11:30 18,53 0,115 59 
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12:00 18,5 0,107 58 

12:30 18,5 0,127 58.2 

13:00 18,12 0,287 60.2 

13:30 17,95 0,387 58 

14:00 18,36 0,287 56.6 

14:30 18,32 0,287 53.2 

15:00 18,59 0,112 50.6 

Average 18,51 0,210 34,9231 

From the tests that have been carried out, a graph can be made as below. 

 

Figure 11. Solar cell voltage output graph 

From these data, it can be explained that testing solar panels for one day can produce a voltage of 18.12 

to 18.95 volts. 

D. Open Loop and Close Loop Buck Converter Test 

System integration testing without control aims to determine the output voltage generated from the 

system when it has not yet received control. The test is carried out with the source of the power supply 

where the output voltage is 15-19 volts. The test was carried out on August 1, 2021. The data below is the 

data obtained from the open loop buck converter test. 

Table 4. Buck converter output test 

D (%) Vin (V) Iin (A) Vout (V) Iout (A) 
Vo theory 

(V) 
Error (%) 

10 18,5 0,115 2,05 0,315 1,85 10,811 

20 18,5 0,107 4,01 0,317 3,7 8,378 

30 18,12 0,127 5,696 0,347 5,436 4,783 

40 17,95 0,287 7,4 0,499 7,18 3,064 

50 18,36 0,387 9,49 0,627 9,18 3,377 

60 18,32 0,287 11,412 0,477 10,992 3,821 

70 18,59 0,287 13,423 0,487 13,013 3,151 

Next, a close loop test was conducted on the buck converter circuit during charging with the aim of 

finding out whether the system can maintain a constant voltage according to the design and comparing the 

system when it is without control and when it is given control. Below is a comparison of data on the results 

of the open loop and close loop tests of the buck converter circuit. 
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Table 5. Comparison of open loop and closed loop buck converter tests 

R 

(Ohm) 

Vin 

(volt) 

I in (A) Vout (V) I out (A) Error (%) 

Open 

loop 

Close 

loop 

Open 

loop 

Close 

loop 

Open 

loop 

Close 

loop 

Open 

loop 

Close 

loop 

200 18 1,51 1,63 16,21 14,55 1,74 1,86 12,569 1,042 

180 18 1,49 1,61 15,99 14,52 1,72 1,84 11,042 0,833 

160 18 1,44 1,56 15,70 14,53 1,67 1,79 9,028 0,903 

140 18 1,38 1,50 15,52 14,44 1,61 1,73 7,778 0,278 

120 18 1,34 1,46 15,11 13,99 1,57 1,69 4,931 2,847 

100 18 1,29 1,41 14,98 14,12 1,52 1,64 4,028 1,944 

From the data from experiments conducted by varying the input voltage, it is known how the response of 

the given control is. From these data it proves that the use of PI control in the system is able to maintain the 

output voltage. The error comparison between the openloop and closeloop test results will be displayed in 

the graph shown in the image below. 

 

Figure 12. Voltage graph on buck converter test in close loop 

Based on the picture above which is a graph of the comparison of the output voltage response of the system when 

the open-loop and closed-loop conditions are found, the average value of the output voltage when open-loop is 15.1 

V which exceeds the maximum charging voltage limit on the battery, which is 14.4 V, whereas when the condition is 

closeloop obtained a constant average output voltage of 14.32 V. 

E. Hybrid System Test 

This test is carried out using three hybrid power plants using a chargec controller that has been made. 

The output of the charger controller will be hybridized and used to charge the battery. The data obtained 

are as follows. 

Table 6. Hybrid system test data 

Time (minute) V in (volt) I in (A) V out (volt) I out (A) 
Relay 

condition 

0 17,63 1,23 12,3 1,25 On 

4 17,81 1,32 12,4 1,36 On 

8 17,51 1,27 12,5 1,35 On 

12 17,71 1,38 12,6 1,41 On 

16 17,49 0,95 12,7 1,14 On 

20 17,52 0,79 12,7 0,84 On 

24 16,43 0,72 12,7 0,81 On 
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28 16,71 0,64 12,8 0,72 On 

31 16,38 0,05 12,8 0,002 Off 

From the tests that have been carried out, a graph can be made as below. 

 

Figure 13. Charger controller integration test chart 

From the tests carried out, it was found that to charge the battery with an initial voltage of 12.3 V to 12.8 

V it takes 31 minutes and the relay will turn off when the battery is full. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

Some conclusions can be drawn from the previous discussion and suggestions regarding problems that 

can be discussed as a continuation of this research. The results of this study shown that from data collection 

characteristics of wind speed, data obtained wind speed of 3.66 m/s and air density of 1.2 kg/m3. It also 

shown that the power that can be generated by the hybrid power plant is 95.47-101.62 Watt. From the 

research that has been done, it is found that the output voltage value of the battery charger made has an 

average error percentage of 1.373% and the power output efficiency of the battery charger is 83-95%. 

For the research’s recommendation in this study that there is a need for research on the calculation of the 

type of ferrite material in the inductor and the magnitude of the switching frequency used in this charge 

controller in order to produce a more efficient output. 
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