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Abstract— In this study design of 
Industrial Internet of Things (IIoT) for monitoring 
and remote control of Photovoltaic Pumped 
Hydroelectric Storage (PHES) system is 
presented. The IIoT helps in monitoring key 
parameters such as water levels, voltage, current, 
flow rate, valve angle, and turbine speed. It also 
helps in controlling components including the 
pump and valve, and is configured to operate a 
single turbine at a time, with the flexibility to 
upgrade to larger or smaller alternatives.  Various 
sensor were installed at carefully selected height 
along the water tank and the IIOT network was 
used to acquire the data collected by those 
sensors.  The analysis conducted on the IIOT 
acquired dataset shows that the tank discharge 
time, tank recharge time and water wheel 
rotational speed have similar relationship with the 
water height in the tank. Similarly, the flow rate 
and the power output have similar relationship 
with the water height in the tank. The correlation 
result shows that the power output has perfect 
correlation of 1 with the water height followed by 
the flow rate with correlation of 0.9992.  Equally, 
the other three parameters, namely the tank 
discharge time, tank recharge time and water 
wheel rotational speed have correlation of  o,9972, 
0.987 and 0.9897.  In all, the results showed that 
with the knowledge of the water height, it is 
possible to estimate the power output of the solar 
hydro power plant being studied. This results 
therefore justifies the use of the IIoT in the 
monitoring and control of the solar hydro power 
plant. 
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1. Introduction 

  Today, internet of things (IoT) has greatly 
transforms the monitoring and control facilities across the 
globe p1,2,3]. Their application in the industrial sector is 
termed industrial internet of things (IIoT) [4]. With IIoT 
robotic machines, heavy duty plants among many 

components and systems in various industries are 
monitored and controlled using the IIoT network [4,5].  

In practice, IIoT enables sensors that are located at 
strategic points or attached to selected system components 
are used to collect relevant data items in real-time and 
transmit same to a designated server or storage facility 
where the data can be accessed and utilized [6,7,8]. In the 
present study, the focus is on the IIoT applied to monitoring 
and remote control of photovoltaic pumped hydroelectric 
storage system [9,10,11]. The essence of the IIoT is to 
enable the automatic collection of the operating parameters 
of the solar hydro power plant with possible application of 
the data to the enhancement of the system performance and 
also to carry out data driven control of the system 
[12,13,15]. Such approach particularly important in this era 
of smart technologies and stems which can automatic adjust 
itself to optimize its performance and adapt affectively to 
changing operating conditions. 

2. Methods 
      This study examined a solar-powered pumped 
hydroelectric system that utilizes water wheels to generate 
electricity, with focus on design and integration of 
Industrial Internet of Things (IIoT) capabilities for real-time 
monitoring and control. A numbed of sensors and actuators 
(shown in Figure 1 to Figure 10) are used to accomplish the 
project. The Arduino Uno processes sensor data and 
controls the actuator [16]. On the other hand, the ESP8266 
module handles the communication with the Firebase 
Realtime Database [17]. The system monitors key 
parameters such as water levels, voltage, current, flow rate, 
valve angle, and turbine speed. It also controls components 
including the pump and valve, and is configured to operate 
a single turbine at a time, with the flexibility to upgrade to 
larger or smaller alternatives. The control code includes 
modular features that support customizable parameters such 
as blade size and gear ratio. This enables easy monitoring 
of the key parameters of the power system at various height 
of the tank. The data captured through the IoT can be used 
to conduct further research. In this work, the sample dataset 
acquired by the IoT is used to study the variation of the key 
parameters with the tank stand. 
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Figure 15 The rotational speed versus height of water in the tank 

 
Figure 16 The tank discharge time versus height of water in the tank 
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Figure 17 The tank recharge time versus height of water in the tank 

 

 
Figure 18 The power output versus height of water in the tank 
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4. Conclusion 

The application of Industrial Internet of Thing (IIoT) to 
monitoring and control of Photovoltaic Pumped 
Hydroelectric Storage (PHES) system is presented. The 
circuit diagram and system components are presented along 
with algorithms and flow charts that show how the various 
modules in the system operate are presented. Also, the data 
captured by the sensors installed at various heights on the 
water tank are presented as a dataset consisting of six 
parameters. The relationship of the parameters to the water 
height in the tank are presented. The results showed high 
correlation between the water height and the output power. 
These result makes the IIOT relevant for development of 
smart renewable energy system that can be controlled using 
artificial intelligent technologies.  
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