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Abstract. In this work, the integration of recent digital technology of Internet of Things (IoT)
with solar energy management was made to monitor real-time data of panel voltage (Vpv) and
current (Ipv) of the solar panel. The solar panels were installed in Kelantan, Malaysia and this
integrated solar power plant with lIoT was developed with hardware setup and virtually tested to
enhance the tracking behaviour of the proposed system. The comparison of different tilt angle of
solar PV shows that solar PV facing the sun perpendicularly (45°) generated higher power
generation compared to flat-fixed (0°). Whilst, by comparing fixed angle (45°) and auto tracking
solar panel, the power generation recorded can reach up to double performance value (230 W)
compared to 170 W generated from 45° fixed angle of solar PV. The loT-based control of solar
power significantly improves the performance of monitoring and maintenance of the power plant
parameters with ease monitoring, cost-effectiveness and 24/7 remotely controlled.
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1. Introduction

Renewable energy promotes significant advantages and benefits compared with conventional energy
sources, considering its clean and abundant energy resources [1]. The renewable energies usage is
projected to grow massively in coming decades in order to reduce the energy dependence on coal, fuel,
oil and other non-renewable energy resources [2-6]. The rising energy demands in every year,
uncontrollable environmental pollution and rapid decline of fossil fuels resource have made renewable
energy sources, i.e., wind, solar, geothermal, biomass, and tidal energy as better energy options [7-9].

The renewable energy sources in Malaysia have immense potential to generate electricity and these
resources play a vital role in resolving the energy crisis. Among the energy resources, solar energy has
received greater attention due to its abundantly available, free, inexhaustible and carbon-free energy
resources. Solar energy can supply electricity power on a wide scale to satisfy the load requirements,
even for rural area use that has limited access to electricity [10-12].

To date, IoT is gaining a prominent position in research worldwide especially in advanced wireless
communication and becomes as the foundation for various development applications such as for smart
health services [13], smart living [14], smart school education [15] and other sectors [16,17]. IoT uses
a wireless sensor network (WSN) for gathering information to monitor and remote-control [18,19]. The
hardware consists of end devices fitted with a range of sensors to track various parameters such as
temperature, humidity, solar radiation, soil moisture which can be able to communicate the obtained
data to other devices [20-25].
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Thus, in this work, solar panel is used as primary generation resource with the battery as energy
storage system, coupled with AC bus through appropriate converters [20] and DC load is supplied by
rectification to AC / DC. Moreover, the Internet of Things (IoT) system is also used to integrate the
system, in which this work consists of three objectives:

a) To identify the daily trend and maximum solar power generation in Kelantan, Malaysia.

b) To optimize the maximum power generated from different tilt angle of 45° and 0°.

¢) To monitor the solar performance using IoT system by comparing fixed angle (45°) and auto
tracking solar panel.

2. Experimental Setup

In this work, 50 W solar photovoltaic (PV) array, charge controller, motors, 12V DC solar battery, DC
load, base of PV Array auto moveable, light sensors, inverter and loT sensors hardware and software
were used.

2.1. Solar System Set-up Analysis

This work was conducted from May 2019 until September 2019 at Kampung Pulau Melaka, Kota Bharu,
Kelantan, Malaysia. The design of the solar system with loT-equipped technology was carried out to
power water pump for fertigation, as illustrated in Figure 1.
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Figure 1. The concept of solar system with IoT-based technology to power
water pump for the fertigation

2.2. Hardware Design
The design of the hardware consists of 2 parts, namely mechanical and the control circuit design. The
control circuit was equipped with a drive motor, to move the mechanical hardware.

The first step in creating a solar tracker is mechanical design, which the mechanical solar tracker
plays a very important role in monitoring the sun. As a part mount and solar tracker frame, PVC pipe
was cut and built to support solar panels and has versatile motion feature as required. The built of fixed
and auto solar trackers can be seen in Figure 2 as follows:
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Figure 2. (a)Flat-fixed solar panels (b) auto tracker of solar panels

Two LDR driver circuits were designed to place the LDR in the detection of light and transfer to

Linear Actuator by connecting with Arduino UNO. Figure 3 shows a schematic description of the LDR
driver circuit.
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Figure 3. LDR schematic

The linear actuator series was designed as a driving force in light detection, with following
specifications:

e Speed: 20mm/s

e Torque: 500N

e  Working voltage: 12V DC
e Lever length: 150mm

The electrical architecture consists of sensors as inputs, Arduino UNO Kkits as signal processors and
linear actuators as output.
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2.3. Real-time Monitoring with Internet of Things (loT)

The overall system consists of single axis solar PV system, series of sensors (e.g., current, voltage,
temperature), ESP8266 Nodemcu as microcontrollers and Adafruit as platform. The solar PV generates
electricity (voltage and current) which were detected by the sensors and data was sent to process by
ESP8266 Nodemcu before the user can display and control the data through Adafruit IO platform. [oT
was used to connect sensors and actuators and PV power machines to input / output control systems
Adafruit application and the Arduino device were connected to Adafruit server via Wi-Fi while Arduino
devices use the ESP8266 Wi-Fi module that connected to the local wireless network. Programming
Integrated Development Environment (IDE) Arduino UNO to run the Arduino board software was used
to write programs in C language that can give commands to the Arduino board and upload programs to
a microcontroller. The list of loT hardware is listed in Table 1.

Table 1. IoT Hardware used in this work

No Hardware Number
1 Solar Panel 50 Watt 2
2 30A Charge Controller 1
3 Solar Battery 26 Ah 1
4  FuseKit 2
5 INA219 Breakout 2
6 ESP8266 Nodemcu 1
7  Wire of correct gauge for power and distance need to run ~ As required

3. Result and Discussion

The solar power generated in daily from 0800 hours until 1900 hours was initially investigated in order
to identify the solar trend in this region. The data were extracted from the analysis carried out from 26
Jun until 3 July 2019, as shown in Figure 4.
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Figure 4. Daily solar power generation from 0800 until 1900

From the results, the highest energy generated was about 60 W recorded at 12 PM showing the
maximum sunlight intensity at this hour. On the other hand, the least energy generated at 7 PM only
recorded for about 0.14 W, due to sunset. The total solar power generation daily was then recorded
everyone hour in order to identify the capacity of solar panel can run the power pump for fertigation.
Figure 5 shows the plot of maximum PV watt in daily, exhibited that the total power generated can reach
300 W daily. The value data can be seen varies due to the local weather during analysis was performed.
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Figure 5. Daily total solar power generated

Meanwhile, the difference of tilt angle analysis of PV panel at 45° and 0° was further evaluated in
terms of solar performance. From literature, the rainwater, soil, mud and dust could deposit on the
horizontal panel (0°) tilt angle plates which then effect on solar absorption [26]. Figure 6 shows the
difference power (W) collected from PV solar panel from manual fitted at 45° and 0°. It can be clearly
seen that PV solar panel at 45° generated higher power (W) compared to 0°.
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Figure 6. PV solar generation 45° and 180° tilt angles facing the sunlight

As the previous findings showed that better performance of 45° tilt angle solar PV, the analysis
continued with the comparison of manual and auto track solar panel. Figure 7 shows the difference of

power generation of flat

-fixed (45°) and auto track solar panel.
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Figure 7. PV solar generation of auto and flat-fixed trackers
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From the Figure 7, higher power (W) generation of auto tracker can be explained due to its ability in
tracking the sun mode which can maximise more electrical energy can be harvested than flat-fixed
position. The sun radiation hits the absorbing surface perpendicularly and it has better conditions of
cooling and self-cleaning [26]. The measured values were recorded higher, as the linear actuator rotated
the panel perpendicular to the direction of sunlight. Therefore, total solar panel surface areas for solar
tracker device for absorbing sunlight are much larger compared to fixed solar panel and produce more
performance value.

4. Conclusion

In this study, flat-fixed and auto solar tracker were built with developed IoT system for monitoring the
solar generation power generation in Kelantan, Malaysia. The finding shows that solar PV facing the
sun perpendicularly (45°) generated maximum power generation compared to flat-fixed (0°). By
comparing fixed angle (45°) and auto tracking solar panel, the power generation recorded higher when
using auto tracking sunlight. This work highlighted the IoT-based control of solar power significantly
improves the performance of monitoring and maintenance of the power with ease monitoring, cost-
effectiveness and 24/7 remotely controlled.
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