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Abstract

With the increasing demand for electricity and environmental concerns related to the use of fossil fuels, the need for
renewable energy solutions is becoming increasingly important. The potential of hydropower generation needs to be
harnessed for daily electricity needs. The proposed system harnesses the flow of water in irrigation channels, using
turbines made of galvanized plates and plastic to generate electricity for small-scale applications such as street lighting.
To overcome the challenges of manual monitoring, especially during the rainy season, an IoT-based monitoring tool is
included. This tool allows remote tracking of system performance, including generator output, battery voltage, and load
current, through an internet-connected smartphone interface, allowing for real-time monitoring. Laboratory and field
tests were conducted in Yogyakarta, Indonesia. The system demonstrated the ability to produce stable voltage and
power, achieving an efficiency of 11.38%. The system demonstrated a data transmission delay of 5.64 seconds via Blynk,
with a recorded power consumption of 2,231 watts. The sensor readings showed high accuracy, with generator voltage
accuracy of 99.33% and load current accuracy of 99.26%.
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Introduction

In Indonesia, irrigation canals are extensively distributed across various regions, representing a largely untapped resource
for renewable energy generation (Usmani et al., 2021). According to data from the Ministry of Public Works and Public
Housing (PUPR), Indonesia boasts over 7.2 million hectares of rice fields serviced by irrigation systems, encompassing
thousands of kilometers of primary, secondary, and tertiary canals that transport water from its sources to agricultural
lands (de Zoete, 2024). Furthermore, it has been reported that there are approximately 89,000 kilometers of irrigation canals
dedicated to watering agricultural fields across the country (Ashour et al., 2023), (W. V. Siregar, Hasibuan, Hidayatullah,
et al., 2024). The water discharge rates from these irrigation systems vary significantly depending on location, season, and
climatic conditions, typically ranging from 0.3 to 1 liter per second per hectare of rice field. During the rainy season, water
flow can increase substantially, whereas it tends to decrease in the dry season (Quang et al., 2024). The Directorate General
of Water Resources indicates that the average water discharge through the primary irrigation systems in certain regions
of Indonesia is around 10 to 20 cubic meters per second, with larger canals in areas such as Java and Bali often experiencing
higher flow rates to meet the greater agricultural water demands (Hadian et al., 2024), (Hasibuan et al., 2023).

The prevailing irrigation methods in Indonesia primarily utilize the potential energy from flowing water (Tirtalistyani
et al.,, 2022). In addition to serving agricultural needs, these canals present an opportunity to integrate mini pico-hydro
power generation systems, harnessing the flowing water's energy to produce electricity without disrupting their primary
function of irrigation (Abdou & Abdou, 2024). Installing pico-hydro power generation systems in irrigation canals
capitalizes on existing infrastructure, resulting in low-cost renewable energy generation with minimal environmental
impact (Ma et al., 2025). This system is particularly advantageous for rural areas, providing reliable and sustainable energy
access that supports agricultural operations while enhancing energy independence and empowering local communities
(Emezirinwune et al., 2024). By leveraging irrigation water flow, pico-hydro optimizes water resource utilization,
diminishes reliance on fossil fuels, and contributes to reducing energy poverty in rural regions (Calimpusan et al., 2024).

The undershoot water wheel turbine is selected for this application due to its efficient operation at low water flows
and minimal head requirements, making it well-suited for irrigation canal conditions (Teodoro, 2024), (W. V. Siregar,
Hasibuan, Daud, et al., 2024). Its simple and durable design facilitates installation and maintenance, especially in remote
areas, while being environmentally friendly by maintaining the natural flow of water and aquatic life (Koondhar et al.,
2024). To maximize efficiency and reliability, real-time monitoring of system performance, which is highly dependent on
flow conditions, turbine placement, and environmental factors, is essential (Firoozi et al., 2024), (Kurniawan et al., 2021).
This is where Internet of Things (IoT) technology plays a pivotal role (Rath et al., 2024). IoT enables remote monitoring
and management of pico-hydro systems, optimizing energy production, facilitating early problem detection, and ensuring
better integration with broader energy networks (Sumarjo et al., 2024), (Hasibuan et al., 2024).

130


mailto:iftitah.imawati@uii.ac.id

Journal of Renewable Energy, Electrical, and Computer Engineering, 5 (2) (2025) 129-142

IoT technology allows physical devices or hardware to connect to the internet and communicate with one another,
enabling periodic information gathering on key metrics such as voltage, current, and power output from the pico-hydro
plant (Y. Siregar et al., 2024). Sensor readings can be processed using Arduino for monitoring purposes. Previous studies
have demonstrated effective monitoring systems where data from sensors is sent to applications like Ubidots for real-time
information on power generation performance (Balamanikandan et al., 2024). For instance, a project conducted in Nepal
successfully implemented a pico-hydro system integrated with IoT technology to enhance monitoring and efficiency in
rural electrification (Kandasamy et al., 2025). The system demonstrated a significant increase in energy access for local
communities while ensuring sustainable energy production. This project highlights the potential of similar systems in
utilizing existing water infrastructure for renewable energy generation (Kurniawan et al., 2022). For instance, remote
control of lighting systems can enhance user convenience by eliminating the need for manual switching, as demonstrated
in projects utilizing applications like Blynk to manage lighting via smartphones. In the pico-hydro system, a battery stores
energy from the generator's conversion, and to easily determine the battery's capacity, voltage and current sensors can be
integrated to measure the input and output values. These readings are processed through a microcontroller program, and
the results are transmitted to a web monitoring interface to provide insights into battery capacity as voltage levels. The
system will consist of two subsystems: the pico-hydro generation system and the IoT monitoring system.

Materials & Methods
1. Integration of Systems

Integration the whole system can be shown in block Figure 1. The power generation power system as there are sensors
to measure DC voltage and current from picohydro and battery. After obtaining the values of these two parameters, the
power value generated by the PLTPh and the capacity of the PLTPh storage battery can be known. The microcontroller is
used to process data taken from the sensor. Through a wireless communication module, the processed data from the
microcontroller will be sent to the web server to be displayed and stored in the database. The display of monitoring the
performance of picohydro and battery percentage can be accessed via smartphone. Furthermore, the output produced by
the voltage and current sensors from each measurement, namely picohydro performance and battery percentage, is
displayed in real-time and there is a relay control of the load remotely.
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Figure 1. Integration the Whole System

2. Pico-Hydro Power Generation System

The pico hydro power generation sub system have two major components consists of frame and turbine, and the electrical
control panel. The overall system design process are based on the calculation. Pico-hydroelectric power plants essentially
harness the difference in elevation and the volume of water flow per second from sources such as irrigation, rivers, or
waterfalls. This flow of water turns the turbine shaft to generate mechanical energy. This mechanical energy then powers
the generator, which produces electricity that is stored in a battery. Water discharge (Q) refers to the flow rate of liquid
passing through a given cross-section over time and is determined by the velocity (V) and area (A), typically measured in
meter cubic per second, as expressed in Equation (1)

Q=VxA Q)

Velocity of water flow and area can be measured with Equation (2) and Equation (3), with distance (d) and time (t)
and irrigation width (I) and irrigation depth (D).

)

|l

V:

A=1IxD 3)

Hydroelectric capacity can be calculated with water flow rate. Water flow rate is a key factor to hydroelectric capacity.
The parameters are water density (p = 0.998 g/cm3), gravity. And head [3]. Hydroelectric capacity can be calculated using
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the Equation (4).
Q=pxgxQxh )
Turbine rotation speed determine the power output and affected by the velocity of the water flow (V), the turbine
rotation speed measured in rotation per minutes (rpm) and can be calculated with Equation (5).

B V X cos X a @)
2
System efficiency refers to the generator's capability to transform the kinetic energy of flowing water into electrical

energy. The efficiency value is determined using Equation 6, which mathematically calculates the efficiency of the electric
power generator.

Tr

Py ©
= (=) x 1009
= (i) x oo

The system are designed that the pico-hydro power plant can be carried around similar to backpack, and can be placed
on motorcycle. The turbine and frame are made of Galvanised plates and hollow, whereas the electrical control panel is
made of plastic. The frame have two doors that can be used to acts as a small reservoir that can increases the water velocity.
The turbine specification are shown in Table 1. Turbine Spesificationand the frame and turbine 3D design can be seen in
Figure .

Table 1. Turbine Spesification

Parameter Value Unit
Diameter 30 cm cm
Number of Blades 16 Piece(s)
Blade Design 70° Degree
Turbine Weight 2kg kg
Turbine Width 15 cm cm
Material Galvanism

Figure 2. Turbine and System 3D Design

Table 2. Generation System Specification

Parameter Value Unit
Length 50 cm
Width 14 cm
Height 38 cm
Weight 15 kg

Generator Pulley 2 Inch
Turbine Pulley 6 Inch
Generator 200 Watt
SCC 10 A
Battery 35, 4P 12 Ah
DC Lamp 12 Watt

Portable pico-hydro can generate direct current (DC) power through a 200 watts DC generator that driven by a water
wheel turbine. With the pulley gear ratio 1:3 used to transfer kinetic energy from the turbine to generator. The generator
generates electrical energy and then regulated by the solar charge controller, the solar charge controller can prevent
backflow energy from the battery. After going through a solar charge controller, the current charge a 12V battery. With a
DC power output, the system can power a DC lamp and other DC devices. The generation system specification can be
shown in Table 2Table 2. Generation System Specification and it can be seen in Figure .
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Figure 3. Power Generation System

The system is suitable to be applicated in irrigation and river flow. The system are placed inclined as shown in Figure .
The system was tested in the irrigation in Pakembinangun village and Hargobinangun village, Special Region of
Yogyakarta. The portable pico hydro system’s performance and efficiency will be evaluated using various methods. In the
field tests, the system will be assessed under three conditions: No Load, With a 12W DC Lamp Load, and Full System
(including SCC, battery, and lamp). These tests aim to observe how the generator performs both without any load and
when connected to a load. Key parameters measured will include water flow rate, turbine speed (rpm), generator speed
(rpm), generator voltage (volts), generator current (amperes), and power output (watts). Performance assessments will be
carried out at different locations with varying water flow rates to evaluate the device’s portability. Additionally, the
system’s durability will be tested by allowing it to operate continuously for a specified period and then examining its
condition. Several methods will measure the performance and efficiency of the portable pico-hydro system. For collecting
data, place the electrical box above the water flow to keep it out of the water and the turbine beneath a 10 to 15 cm water
drop. The positioning during experiments significantly affects turbine rotation. The pulley ratio between the turbine and
the generator is 1:3-4, meaning one pulley rotation results in three or four rotations of the generator. Both laboratory and
field experiments use a multimeter for current measurement and a tachometer for the rotational speed of the turbine and
generator. Field tests are conducted in three configurations: No Load, 12W Lamp Load, and Full System (SCC, Battery,
Lamp).The goal of these measurements is to understand the generator’s real-world performance without load and when
connected to a load. Measured parameters include water flow rate, turbine speed (rpm), generator speed (rpm), generator
voltage (volts), generator current (amperes), and power (watts).

Figure 4. Inclined System that Operated in Village Irrigation

3. IoT Monitoring System

The IoT monitoring system have two major components consists of hardware electronics and software with user interface.
Hardware component consist of Arduino Uno R3 ATmega328P, ESP-01 module, ACS712 current sensor, DC 25V voltage
sensor, 1-channel relay module, Blynk platform, push button, double-layer PCB. The Arduino Uno R3 ATmega328P was
chosen for its advanced communication capabilities, making it ideal for developing reliable, responsive, and compact
electronic systems. The ESP-01 module, based on the ESP8266 chip, provides wireless connectivity for devices like the
Arduino Uno, enabling communication via the TX/RX serial port and allowing the creation of IoT applications dependent
on Wi-Fi. The ACS712 current sensor, capable of measuring both AC and DC currents, is used for monitoring energy
consumption, with enhanced sensitivity for detecting small changes. The DC 25V voltage sensor, utilizing a voltage divider
principle, outputs an analog signal corresponding to the measured voltage, with adjustable accuracy. The 1-channel relay
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module, operating on an electromagnetic principle, controls electrical devices such as DC lights, while the Blynk platform
facilitates IoT application development, displaying monitoring data and enabling remote control via smartphones. A push
button replaces traditional light switches by utilizing the bounce effect to create an electrical signal, and a double-layer
PCB organizes circuit paths, minimizing the need for extensive wiring. The components will be assembled into a unified
electronic design as shown in the Figure
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Figure 5. Electronic Design for IoT Monitoring System
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Figure 6. User Interface of Application

The PLTPh monitoring application has been designed to be accessible via a smartphone using a web-based IoT platform.
The application consists of two main menus: the first menu displays a switch button and battery percentage, while the
second menu shows the pico-hydro output and battery voltage, allowing users to control the lights and view a superchart
graph, as illustrated in Figure . Application initialization is required to ensure a successful connection to the cloud server.
Monitoring data is stored in Blynk's cloud, enabling access at any time. Voltage, current, and active power are displayed
using gauges and superchart graphs, showing nominal values and storing them via a data logger server, while battery
capacity is represented as an integer value with its corresponding nominal value. A switch button is also included for
turning the DC lights on and off using a relay. The entire application can be easily designed using the Blynk IoT Platform.

In the IoT-based pico-hydro monitoring system, two measurement parameters are utilized: voltage and current. This
involves connecting a DC voltage sensor and an ACS712A current sensor to the circuit between the generator and the Solar
Charge Controller (SCC), connecting the DC voltage sensor between the SCC and the battery, and connecting the ACS712A
current sensor in the circuit between the relay and the load. The measurements are then compared to those obtained using
a multimeter to determine the percentage error for each parameter. Voltage and current readings on the generator and SCC
paths are more clearly illustrated in Figure , where the DC voltage sensor, which has two terminals, is connected to the
positive (SCC+) and negative (SCC-) cables. For the current sensor, the two terminals are connected as follows: terminal I1
to cable (G+) and terminal 12 to cable (SCC+). The wiring for the sensors is more clearly shown in Figure .
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Figure 8. Wiring Measurements and Placement of Voltage and Current Sensors on the Generator
Next, the battery voltage will be measured across the SCC and the battery by connecting the DC voltage sensor to the
positive (SCC+) and negative (SCC-) terminals of the generator. This setup is clearly illustrated in Figure 9. To measure
the current at the load, the relay connection is established by connecting the (COM) terminal to the (SCC+). The current

sensor features two terminals: terminal I1 connects to the (NO/NC) terminal, while terminal I2 connects to the (Lamp+).
Additional details regarding the sensor wiring can be found in Figure 10.

B

Figure 9. Wiring Voltage Sensor On Battery
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Figure 10. Wiring Current Measurement and Installation of Current Sensor, Relay on Load

The measurement process involves taking sensor readings at 5-second intervals, with three data points being collected
for analysis to determine the accuracy and precision of each sensor. The sensor readings will be used to calculate the error
by comparing them with the multimeter measurements taken at the same time, using Equation 3 as follows. After that, the
accuracy will be calculated using Equation 4 as follows.

Nilai pembacaan sensor—Nilai pembacaan multimeter |

Error(%) =

* 100 (Andawiyah, 2024) ©)]

Nilai pembacaan multimeter |
Akurasi(%) = 100 — Error (Andawiyah, 2024) 4)

After that, the average values of the data will be calculated using Equation 5, and the standard deviation will be
determined using Equation 6. Once the average values and standard deviations are obtained, the precision can be
calculated using Equation 7 as follows.

X1+Xp+e Xy

Mean(x) =

(Wildan, 2017)  (5)
Where:
Mean(x) = The average of a single data point or the midpoint
X1,X2,..,Xn= Data n
n = Number of data
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SD = /Erf%") (Wildan, 2017) (6

Where:

SD = Standard Deviation
Mean(x) = Average of the data

X Number of single data
n = Number of data

Precision (%) = % * 100 (Wildan, 2017) @)

The testing of battery percentage involves charging a lithium battery of 12V 12AH using a DC voltage sensor, ranging
from low to high percentages, as well as discharging it using a constant current. By employing this method, the voltage
will fluctuate, allowing for a comparison with voltage measurements obtained from a multimeter. To calculate the battery
percentage, the following equations 8.

Vout—lower limit

Battery Percentage = ( ) *100% (8)

Upper limit—lower limit

Where :

Vout = Voltage read at the battery (sensor/multimeter) (V)
Lower limit = Lower voltage limit of the battery (V)

Upper limit = Upper voltage limit of the battery (V)

Results and Discussion

1. Performance of the Pico-Hydro System

a. No Load Test

The first field test is no load test, the purpose of this tests are in order to ensure the magnitude and stability of the voltage
generated by the generator, the purpose of this test is to verify the performance under various operating conditions and
confirm that the generator produces consistent and reliable output. The result is shown in Table 3 and Figure 4.

Table 3. No Load Field Test Result at Desa Pakembinangun
Rotation (rpm)

Turbine Generator Voltage (V)
98 423 13.5
109 372 13.2
89 365 13
110 420 13.4
115 457 13.5
107 310 11.2
96 280 10.1
100 285 9.8
110 300 10.2
99 284 10.1

Table 4. No Load Field Test Result at Desa Hargobinangun
Rotation (rpm)

Turbine Generator Voltage (V)
87 312 10.8
91 307 10.2
94 320 10.9
92 311 10.8
97 309 10.4

The testing was conducted by finding the appropriate placement position of the equipment to achieve a stable turbine
rotation. The no-load experiments were carried out to ensure the voltage magnitude and stability of the generator before
it enters the electrical system. Table 5 and 6 presents the no-load testing data from two locations, namely Pakembinangun
Village and Hargobinangun Village. Overall, it is observed that an increase in generator rotation tends to increase the
generated voltage. However, a decrease in water flow rate and changes in inclination also affect the voltage drop. The
difference in locations shows voltage variations under similar conditions. This is influenced by the placement position of
the equipment and the position of the water hitting the turbine.

b. 12W DC Lamp

This experiment was conducted by directly connecting the generator to a load, which was a 12-watt lamp. The selection of
the 12-watt lamp for field testing was based on the value that closely approximates the field water power, which is around
14.7 watts. The result is shown in Table 5, Table 6, and Figure 8.
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Table 5. 12 Watt Lamp Test Result at Desa Pakembinangun
Rotation (rpm)

Turbine Generator Power (W)
95 352 1.672
87 300 1.479
93 311 1.584
83 312 1.584
85 369 1.672
97 270 1.215
96 270 1.23

102 278 1.328
100 272 1.312
104 271 1.23

Table 6. 12Watt Lamp Test Result at Desa Hargobinangun
Rotation (rpm)

Turbine Generator Power (W)
84 261 1.2
85 263 1.2
88 270 1.215
87 268 1.215
88 270 1.215

During the testing process, the lamp condition was bright and stable, with the lamp being the brightest during the
experiment on July 3 in Pakembinangun. With an average flow rate of 0.015 m?/second, an average rotation of 290 rpm
was achieved, and the average power output was 1.3 watts. When the experiment was conducted using an uneven belt,
the lamp would dim when the uneven part of the belt was on the generator pulley. Therefore, the condition of the belt can
affect the condition of the lamp/load.

c. Full System (Including SCC, Battery, and Lamp)

The overall system experiment involved the generator, solar charge controller, battery, and load. The voltage entering the
solar charge controller will be limited by the solar charge controller protection system to 12.2V, and the battery will be
charged by the generator. The result can is shown in Table 7, Table 8, Figure 9, and Figure 10.

Table 7. Full System Test Result at Desa Pakembinangun

Rotation (rpm
Turbine e C)Senerator Power (W)
98 356 0.732
100 358 0.732
98 350 0.488
98 353 0.488
102 354 0.61
110 315 0.11
121 340 0.46
112 317 0.111
116 322 0.224
119 325 0.23

Table 8. Full System Test Result at Desa Hargobinangun
Rotation (rpm)

Turbine Generator Power (W)
88 312 1.236
82 305 1.222
86 308 1.236
91 315 1.224
83 304 1.122

From the data collected in Pakembinangun Village and Hargobinangun Village, it can be concluded that with a flow
rate of 0.015 cm?3/second, the generator can rotate at an average of 360 rpm and produce a voltage of 11.5V. With a flow rate
of 0.015 cm?®/second, the voltage and current generated are very stable because there are no changes in flow rate or other
factors affecting the rotation of the turbine or generator. The field experiment results showed no impact or influence on the
water flow due to the operation of the system. On closer inspection, the calculated water flow rates are quite similar, but the
generator outputs differ. Several factors can influence this, including the placement position and the position of the water
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hitting the turbine, the speed of the water flow, and the turbine torque. Based on the field observations with a current of
0.074 A, the battery can be charged by 0.1V over 7 minutes and 31 seconds. Therefore, it can be assumed that charging the
battery from 8.25V to 12.6V would take approximately 5 hours, 8 minutes, and 11 seconds. The lamp remains bright and
stable due to its power source. The efficiency of the system, based on the provided testing data and calculations, is 11.38%.
This means that out of the total hydraulic power of 14.7 W generated, only 11.38% is successfully converted into electrical
power by the generator, which amounts to 1.672 W.

2. Monitoring IoT Based

a. Accuracy and Precision of the System

Based on the testing conducted with the monitoring prototype for the portable pico-hydro system from the pico-hydro
provider, the system utilizes several components, including a 200W-rated DC generator, a solar charge controller (SCC), a
12V 12AH battery with varying RPM, and a 12-watt light bulb. For each connection path, measurements of generator voltage
and current flowing to the SCC, battery voltage, and current flowing to the load through the relay control will be taken. The
results from testing with different RPMs provide various readings of voltage and current, as detailed in Tables 9 and 10.

Table 9. Voltage Reading Results from RPM Variations
RPM  Multimeter (Volt) Sensor (Volt)  Error (%)  Accuracy(%)

3.14 3.08 1.91 98.09

100 3.04 2.98 1.97 98.03
3.1 3.08 0.65 99.35

6.23 6.23 0.00 100.00

150 6.21 6.18 0.48 99.52
6.26 6.21 0.80 99.20

7.64 7.65 0.13 99.87

200 7.67 7.8 1.69 98.31
7.63 7.65 0.26 99.74

8.54 8.63 1.05 98.95

250 8.57 8.68 1.28 98.72
8.6 8.7 1.16 98.84

8.71 8.72 0.11 99.89

300 8.74 8.75 0.11 99.89
8.83 8.77 0.68 99.32

11.9 11.9 0.00 100.00

350 11.89 11.9 0.08 99.92
11.9 11.9 0.00 100.00

11.9 11.97 0.59 99.41

400 119 11.95 0.42 99.58
11.9 11.95 0.42 99.58

11.96 12.02 0.50 99.50

450 11.96 12 0.33 99.67
11.96 12.05 0.75 99.25

11.98 12.1 1.00 99.00

500 11.99 12.1 0.92 99.08
11.98 12.07 0.75 99.25

Mean - - 0.67 99.33

In Table 9, 27 test data points were collected with varying RPM levels using a generator connected to the SCC and
battery without a load (lamp). From these results, the accuracy and error rates of the voltage sensor readings were
determined. At RPMs below 300, the error rate was 1% due to unstable RPMs, leading to inconsistent voltage readings.
However, at RPMs of 300, 400, 450, and 500, the sensor readings were more consistent because the RPMs were stable,
resulting in more accurate and consistent readings. The overall average error rate of 0.67% shows that the sensor
performance at various RPM levels met the error tolerance specification of <10%. The results of the voltage sensor accuracy
and error rates at each RPM level are detailed in Table 9.

In Table 10, 27 additional test data points were collected with varying RPM levels using the generator connected to
the SCC and battery, without a load. In this case, the current measured was the current flowing into the battery. The
accuracy and error rates of the current sensor readings were also analyzed. For RPMs below 300, error rates could not be
calculated because the current readings were too small (<20 mA) and could not be detected by the multimeter. At 300
RPM, the error rate was relatively high, attributed to inconsistent RPMs that led to unstable current generation. At 350,
400, 450, and 500 RPM, sensor readings remained inconsistent, but the error rate was lower than at 300 RPM. With an
average error rate of 10.73%, the current sensor performance across varying RPM levels did not meet the desired error
tolerance of <10%. Detailed results of the current sensor accuracy and error rates at each RPM level can be found in Table
10.
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Table 10. Current Reading Results from RPM Variations

RPM I\E[Xi:;i:;r (:Eil}fgfe) Error (%) Akurasi (%)
0.5 0.36 28 72
0.52 0.39 25 75
350 0.5 0.36 28 72
0.159 0.153 3.77 96.23
400 0.159 0.153 3.77 96.23
0.159 0.152 44 95.6
0.252 0.223 11.51 88.49
450 0.249 0.231 7.23 92.77
0.254 0.243 433 95.67
0.359 0.367 2.23 97.77
500 0.361 0.373 3.32 96.68
0.362 0.388 7.18 92.82
Mean - - 10.73 89.27

The test results for battery voltage readings were obtained by charging a 12V 12AH battery through an SCC. The
charging adapter used has a voltage of 5V and a current of 1A, with an additional charging module, as illustrated in Figure
13. The voltage readings and battery percentage can be seen in Tables 11 and 12. Table 11 presents 12 data points from the
battery charging test. From these results, the accuracy and error rate of the voltage sensor readings were determined.
According to the graph in Figure 11, during the charging period from 19:20 to 21:20, the error was relatively high compared
to the multimeter voltage due to unstable sensor readings, which made the results inconsistent. Factors contributing to
this instability include program code calibration, poor soldering of wires, and anomalies in the relay components. The
average error value of 1.55% indicates that the sensor's performance during charging still meets the expected error
tolerance of <10%. The error and accuracy results of the voltage sensor readings during battery charging can be seen in
Table 11.

Table 11. Battery Voltage Reading Results

Time Multlrr;tz/till"t;/oltage Sensor (Volt) Error (%) Accuracy (%)

10.69 10.73 0.37 99.6

10.75 11.23 4.47 95.5

11.1 11.29 1.71 98.3

11.15 11.34 1.70 98.3

11.18 11.39 1.88 98.1

11.23 11.44 1.87 98.1

11.28 11.49 1.86 98.1

11.42 11.61 1.66 98.3

19.00-22.40 11.88 11.98 0.84 99.2

11.91 12.05 1.18 98.8

11.99 12.07 0.67 99.3

12.02 12.07 0.42 99.6

Mean - 11.56 1.55 98.45
SD - 0.399 - -
Presisi (%) - 3.45 - -

Voltage (Volt)

Time

Figure 11. Battery Voltage Comparison Graph
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Table 12. Battery Voltage Percentage Reading Results

Time Multimeter Percentage Sensor Percentage Battery Percentage Difference
Calculation (%) Calculation (%) (%)
54 55 1
56 66 10
63 68 5
64 69 5
65 70 5
66 71 5
67 72 5
70 75 5
22.00-22.00 81 83 2
81 84 3
83 84 1
84 85 1
Average Battery Percentage Difference (%) 4.6

In Table 12, 12 data points were obtained regarding the battery charging percentage. The results showed the difference
in the percentage of battery voltage readings, with the largest difference between the multimeter and sensor readings being
10%, which is considered significant. The average percentage difference between the two readings was 4.6%. The results
also include the load current readings through the SCC while the battery was being charged. The charging adapter used
provided 5V and 4A, with an additional charging module. The lamp was turned on using a relay connected to the SCC,
and the current sensor measured the load current flowing through the relay. The load current readings of the 12-watt lamp
are presented in Table 13. From Table 13, 21 data points were obtained for the load current. The results revealed the
accuracy and error rate of the current sensor readings. According to the graph in Figure 12, the comparison between the
load current measured by the multimeter and the sensor for the 12-watt lamp shows a consistent pattern. Both curves
follow a similar trend, with slight differences at certain points due to sensor reading fluctuations. The sensor readings are
consistent and stable, resulting in a small error, with an average error of 0.74%, indicating that the current sensor's
performance meets the error tolerance specification of <10%.

Table 13. Reading Results for 12 Watt Lamp Load Current

No Multimeter (A) Sensor (A) E(I;Z())r Accuracy (%)
1 0.371 0.373 0.54 99.46
2 0.374 0.378 1.07 98.93
3 0.381 0.383 0.52 99.48
4 0.377 0.378 0.27 99.73
5 0.372 0.373 0.27 99.73
6 0.376 0.377 0.27 99.73
7 0.369 0.368 0.27 99.73
8 0.371 0.369 0.54 99.46
9 0.376 0.374 0.53 99.47
10 0.374 0.375 0.27 99.73
11 0.372 0.375 0.81 99.19
12 0.369 0.372 0.81 99.19
13 0.368 0.370 0.54 99.46
14 0.346 0.349 0.87 99.13
15 0.342 0.338 1.17 98.83
16 0.335 0.338 0.90 99.10
17 0.359 0.355 111 98.89
18 0.361 0.358 0.83 99.17
19 0.355 0.351 1.13 98.87

20 0.355 0.352 0.85 99.15

21 0.359 0.352 1.95 98.05

Mean - 0.363 0.74 99.26

SD - 0.014 - -

Precision (%) - 3.78% - -
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Figure 12. 12 Watt Load Current Comparison Chart

Based on the sensor readings that have been tested, the overall accuracy exceeds 95 %, with precision below 4%, except
for the current sensor of the generator. According to the specifications of the multimeter used, the precision for DC current
readings is +2%, and for DC voltage readings, it is £0.5%. Generally, a good standard value for precision or RSD (Relative
Standard Deviation) or CV (Coefficient of Variation) is <2%. This indicates that while the sensors are functioning properly
and have good accuracy, their precision is suboptimal.

Conclusions

Based on the test results of the Portable Pico Hydro Power Plant (PLTPh), the designed system demonstrated that with a
discharge rate of 0.015 m3/second, the turbine achieved 100 rpm. Due to a pulley ratio of 1:4, the generator reached 457
rpm and produced up to 1.672 watts of power, with a no-load voltage output of 13.5V. The calculated water power was
29.4 watts, resulting in a system efficiency of 11.38%. Various specifications were adjusted to optimize the system,
including modifying the dimensions, changing the generator capacity, separating the input power for measurement
devices, increasing the number of turbine blades, redesigning them, and enhancing the control panel's durability.The
project successfully met its goal of powering street lighting, ensuring stable and bright operation. However, the generator's
battery charging performance was suboptimal, as the power output did not meet the minimum current required for fast
charging, partly due to the size of the load used.he real-time data transmission time is approximately 5.64 seconds. During
testing, the device achieved an IP rating of 12. Blynk is utilized for remote monitoring through its application. The designed
system has an error rate exceeding 10%. It operates on a 12V DC power supply, with a total power consumption of 2.231
watts. The voltage sensor reading accuracy for the generator is 99.33% on average, with a 0.67% error rate. The current
sensor reading accuracy for the generator averages 89.27%, with a 10.73% error rate. The battery voltage sensor has an
average accuracy of 98.5%, with a 1.55% error rate and 3.45% precision. The load current sensor has an average accuracy
of 99.26%, with a 0.74% error rate and 3.78 % precision.
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