
 
 

 
 

 
Eng. Proc. 2023, 37, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/engproc 

Proceeding Paper 

IoT Monitoring Solution for a Middle-Scale Grid Powered by 

PV Solar Tracker † 

Francisco Javier Folgado *, Isaías González, Manuel Calderón, David Calderón and Antonio José Calderón 

Department of Electrical Engineering, Electronics and Automation, Universidad de Extremadura, Avenida de 

Elvas, s/n, 06006 Badajoz, Spain; igonzp@unex.es (I.G.); calgodoy@unex.es (M.C.);  

dcalderoh@alumnos.unex.es (D.C.); ajcalde@unex.es (A.J.C.) 

* Correspondence: ffolgar@unex.es 

† Presented at the 2nd International Electronic Conference on Processes: Process Engineering—Current State 

and Future Trends (ECP 2023), 17–31 May 2023; Available online: https://ecp2023.sciforum.net/. 

Abstract: The scarcity of fossil fuels and the increase in energy demand, which is growing year after 

year, have led to the rapid development of technologies and systems for harnessing renewable en-

ergy sources (RES). Among these, photovoltaic (PV) energy and its associated technologies stand 

out for their adaptability and versatility, highlighting among the rest for being one of the most effi-

cient methods for harnessing energy from RES. Beyond the generation processes, the problems de-

rived from the management and monitoring of these systems are outlined. This paper develops the 

design and implementation of a system based on Internet of Things (IoT) applications for a medium-

scale power grid located within the university campus of Badajoz, Extremadura. This grid is par-

tially powered by PV energy by means of a set of 56 panels, with a total power of 60 kW, installed 

on a solar tracker. The system presented develops the functions of acquisition, management and 

monitoring of data from the solar tracker, the transformation centre and the consumption derived 

from the activities carried out at the School of Industrial Engineering, whose electricity supply 

comes from the two previous sources. The elements involved in the physical installation are de-

scribed, as well as the sensors responsible for data acquisition. Regarding the software, the IoT pro-

grams used for the development of the system are presented, as well as their intercommunication 

and handling. Finally, the proposed system is shown under real operation conditions. 
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1. Introduction 

In recent years, the persistent rise in energy demand and the limited availability of 

fossil fuels have prompted a collaborative endeavor towards researching and developing 

technologies that harness renewable energy sources (RES). Some of these renewable en-

ergy sources, such as wind or solar photovoltaic (PV) power, have achieved significant 

technological advancements and seamless integration into the socio-economic frame-

work. As a result, their energy production constitutes a substantial portion of the electric-

ity market in several countries. 

Among the vast array of exploitable renewable energy sources available today, pho-

tovoltaic (PV) power stands out for its remarkable adaptability and scalability across di-

verse environments and contexts. The utilization of PV panels for electricity generation 

spans from residential-scale generation to the massive production of PV plants. Irrespec-

tive of the scale of implementation, PV-based power generation systems are intricate and 

involve a multitude of variables, ranging from meteorological parameters such as ambient 

temperature and wind speed to energy parameters such as the voltage of the PV panels 

or the current produced. Therefore, it is imperative to possess a monitoring system that 
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facilitates centralized visualization of the evolution of the key parameters of the installa-

tion. Such a monitoring platform enables the efficient execution of supervision, analysis, 

and optimization tasks pertaining to the operation of the installation in a user-friendly, 

intuitive, and graphical manner. 

This research showcases the development and implementation of a monitoring sys-

tem based on Internet of Things (IoT) applications and contextualized for the operation of 

a middle-scale grid located in the university campus of Badajoz, Extremadura. This mid-

dle-grid is powered by a PV solar tracker whose energy contribution complements the 

energy supply obtained from a transformation centre that fulfill the energy demand of the 

activities conducted at the School of Industrial Engineering. The monitoring system de-

veloped performs the acquisition, management, storage and monitoring of data from the 

installation. 

The subsequent sections of this document are structured as follows. Section 2 pre-

sents the set of components, hardware and software involved in the installation and de-

velopment of the monitoring system. Section 3 describes the principle of operation of the 

developed monitoring system and its operation under real conditions. Finally, the main 

conclusions of the work are detailed. 

2. Methods and Materials 

This section provides an overview of the medium-scale grid and elucidates all the 

hardware and software components involved in its operation, along with the functioning 

of the monitoring system. 

2.1. Middle-Scale Grid 

The middle-scale grid is integrated by three main facilities. Firstly, the School of In-

dustrial Engineering serves as the consumer agent of the grid, with its wind tunnel annex 

building as the primary electricity consumer. Secondly, a nearby transformation centre 

functions as the primary power supply for the grid. Lastly, the solar tracker, powered by 

photovoltaic energy, generates electricity utilized by the consumer agent. Figure 1 depicts 

the three primary installations of the grid. 

 

Figure 1. Middle-scale main facilities. 

2.2. Sensing of the Installation 

To establish the monitoring system, it is imperative to acquire the pertinent data/in-

formation that requires representation. To this end, two three-phase CVM-E3-MINI grid 

analyzers [1] were employed in the sensorization phase, installed in the solar tracker and 

transformation centre to obtain data regarding the electrical characteristics of these instal-

lations. Grid analyzers are measuring instruments that enable the analysis of numerous 

properties of the electrical grid. Figure 2 illustrates the physical aspect of this sensor and 

a list of variables measured in this work. 
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Figure 2. Grid analysers and measurable variables. 

The data related to the consumer agent is determined via an energy balance between 

the transformation centre and the solar tracker. 

2.3. Data Acquisition 

Regarding the acquisition of data from the analyzers, this task has been performed 

through Node-RED, an IoT middleware notable for its extensive catalog of functions and 

versatility in communication with a wide variety of devices, whether commercial or open-

source in nature [2]. As an additional advantage, it presents an intuitive and user-friendly 

environment through its visual block-based programming. Within this variety of applica-

tions, Node-RED is employed as part of energy monitoring and supervision systems [3]. 

In particular, for the developed system, Node-RED cyclically executes a program 

composed of three differentiated functions. Firstly, communication is established with the 

“CT ESCUELA” and “SEGUIDOR” analyzers, which refer to the sensors installed for the 

transformer centre and the solar tracker, respectively. For this purpose, a block is executed 

that performs communication with each analyzer through the MODBUS TCP/IP protocol. 

This communication protocol is widely implemented in applications framed within the 

industrial and energy sectors [4–6]. Next, the data obtained from the registers are pro-

cessed by a “function” block, which contains a script that combines the necessary registers 

and modifies their format to obtain the values of the electrical parameters. Finally, these 

parameters are sent to a database called “analizadores” through a block that performs a 

write request using Structured Query Language (SQL). 

Figure 3 depicts the Node-RED program execution along with the interconnection 

among the constituent blocks and the respective actions performed by each of them. It is 

important to highlight that the monitoring system developed is intended to be operated 

within the facilities of the School of Industrial Engineering of Badajoz. Therefore, both the 

names of the variables and the language employed in the different software environments 

are in Spanish, as can be appreciated in the following figures. 

 

Figure 3. Node-RED program for data acquisition and transfer to database. 
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2.4. Data Storage 

One of the functions to be performed by the monitoring system developed is the vis-

ualisation of the historical data of the electrical parameters. Thus, combined with real-

time monitoring, a new dimension of traceability of the key variables of the middle-scale 

grid is acquired. For this purpose, a data storage system has been implemented through 

MariaDB, an open-source relational databases server designed by the original developers 

of MySQL [7]. In addition, phpMyAdmin, a web-based software tool for MySQL admin-

istration, has been employed [8]. 

Regarding its operation, the data storage system is configured through phpMyAd-

min, whereby a database called “analizadores” is created. This database is composed of 

three tables: “ct_escuela”, “seguidor” and “consumo”. In each table, the information is 

gathered from the Node-RED block with the same name. Figure 4 depicts the phpMyAd-

min workspace, where the content of the “seguidor” table is shown. 

 

Figure 4. MariaDB and phpMyAdmin administrator. Database “analizadores” and table “segui-

dor”. 

2.5. Data Visualisation and Monitoring 

To perform the task of data monitoring and visualization, Grafana has been em-

ployed, an IoT software focused on monitoring information through requests to different 

databases [9]. Its principle of operation is based on user-configurable panels or dash-

boards through an extensive catalog of elements and libraries. This versatility facilitates 

the implementation of monitoring systems for a wide variety of applications [10–12]. 

Regarding its graphical operation, each dashboard presents a configurable work-

space where various synoptics such as graphs, histograms, gauges, or numerical indica-

tors can be inserted. Each of these graphical elements is individually configured by means 

of a configuration tab. In this tab, both visual aspects, such as color, visibility, fill, shape, 

as well as the variable or parameters to be displayed through the graphical element, are 

configured. 

Figure 5 depicts the graphical appearance and operation of Grafana. Figure 5a shows 

the appearance of a dashboard and the possible elements and organization that compose 

it. Figure 5b shows the configuration tab of a graph, where the configuration tools and the 

associated database variable, in this case voltage, are observed. 
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Figure 5. Graphical appearance and operation of Grafana. (a) Dashboard and synoptics overview. 

(b) Graph configuration tab overview. 

3. Results and Discussion 

After the implementation of the components and programs described in Section 2, 

the monitoring system is presented in real operation by displaying data in Grafana. The 

operation of this system is based on dashboards navigations such as “ct_escuela”,” segui-

dor” and “consumo” by means of a main dashboard. In this main panel, the real-time 

values of the active powers of each physical system of the middle-grid are displayed. Fur-

thermore, it is accompanied by an interactive flowchart that allows navigation between 

the different dashboards of the monitoring system, as well as access to the Node-RED 

program and the phpMyAdmin database manager. Figure 6 depicts the appearance of the 

main dashboard of the monitoring system. 

 

Figure 6. Main dashboard of the monitoring system. Overview of active powers and interactive 

flowchart for navigation. 

The structure of the remaining dashboards is identical, differing only in the values 

represented. First, a historical record of the line and phase voltages of the system is dis-

played, as well as the line currents (Figure 7). Next, the active, reactive, and apparent 

powers per line are presented, through a pie chart for instantaneous values, and a graph 

for the historical data (Figure 8). Finally, the power factor per line and the frequency of 

the grid are shown using numerical indicators (Figure 9). 

 

Figure 7. Historical data of line voltages, phase voltages and line currents. 



Eng. Proc. 2023, 37, x FOR PEER REVIEW 6 of 7 
 

 

 

Figure 8. Active, reactive, and apparent powers per line. 

 

Figure 9. Power factor per line and grid frequency. 

4. Conclusions 

This paper has presented a monitoring solution based on IoT application for a mid-

dle-grid powered by a solar tracker. To this end, all aspects to its operation have been 

addressed and described, from sensorisation and data acquisition to data storage and 

monitoring. For this purpose, IoT and open-source philosophies have been integrated 

through applications and platforms such as Node-RED and Grafana, providing the sys-

tem with versatility in terms of functionalities. Regarding its operation, the system is ori-

ented to be user-friendly and intuitive, enhancing the global comprehension of the key 

parameters of the middle-grid by means of graphical elements and environments. 

Further works will address the implementations of new features that will provide the 

monitoring system with useful functionalities for the study of the electrical parameters of 

the middle-grid, while maintaining a user-friendly handling and appearance. Another fu-

ture guideline consists of developing a digital replica of the solar tracker and including 

the visualisation of the values obtained from the model in the dashboard created for the 

tracker, in order to validate the model and obtain comparative results. 
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