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Abstract 
 

Monitoring interfaces enable the interaction between 

the human operator and the monitored process. This 

role acquires special relevance for advanced 

scenarios like microgrids and renewable energies-

based facilities, which involve a large amount of 

magnitudes and energetic interactions. This paper 

performs a brief survey about monitoring interfaces 

applied to DC microgrids and photovoltaic systems. 

The software environments that are used and 

graphical design aspects are studied and reported. 

Furthermore, an experimental case applying an 

open-source suite (Grafana) to a DC microgrid is 

expounded. 

 
Keywords: Monitoring, renewable energy, 

microgrid, photovoltaics, open-source, Grafana. 

 

 

 

1 INTRODUCTION 
 

Microgrids constitute small-scale intelligent energy 

grids combining distributed generation and 

management. To achieve autonomous and efficient 

operation, microgrids are equipped with a number of 

sensors, actuators, controllers and monitoring 

systems. In addition, microgrids commonly 

incorporate renewable energies in order to implement 

environmental-friendly facilities. In fact, microgrids 

show a great potential to increase the penetration of 

renewable energies [30]. In this sense, photovoltaic 

generation is a mature technology able to be 

integrated within microgrids with different size and 

configurations.  

 

To provide a reliable and stable power supply, a 

control and monitoring system is needed to deal with 

the variability and uncertainty of renewable energies 

[9]. Monitoring and supervisory systems are signaled 

as an essential infrastructure to evolve towards an 

energy system based on decentralized generation 

[26]. Even more, deploying distributed monitoring 

and control systems is one of the main challenges in 

the Smart Grid scope [6]. 

A monitoring interface displays real-time data to the 

operator in order to inform about the microgrid 

operation. Information of the main magnitudes of the 

microgrid components are shown through numerical 

and graphical resources. Command sending and data 

logging are tasks also supported by monitoring 

systems. A Data Acquisition System (DAS) is 

required, being composed by a hardware board 

devoted to gather signals from sensors/actuators 

mounted in the microgrid. Figure 1 depicts the 

described general configuration for a microgrid. 

 

 

 

Figure 1: Block diagram of monitoring system 

applied to microgrid. 

 

In this regard, an unstoppable trend consists on using 

open-source software and hardware to implement 

monitoring tasks. Low-cost, deep configurability and 

shared knowledge in the Internet are advantages 

associated to this type of technology. For instance, 

web-enabled platforms like Grafana [13], Thinger.io 

[15] and Angular [14] are used for monitoring tasks. 

About hardware resources, platforms for rapid 

electronics prototyping like Arduino [16], a 

microcontroller-based board, and the microcomputer 

Raspberry Pi [17] are widely applied in a large 

number of scenarios [2, 4].  

 

Despite the importance of the monitoring function in 

these infrastructures, there is scarce literature about 

the design and deployment of this type of interfaces. 

A valuable recent paper that reviews and evaluates 

different visualization methods used in Smart Grids 

is found in [24]. Such research highlights the key role 

of visualization to facilitate monitoring and analyzing 

tasks in intelligent power grids. 

 

This paper performs a brief literature survey about 

monitoring interfaces applied to photovoltaic systems 

and DC microgrids. The aim of this work is to 
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provide an overview about the available monitoring 

software considering both proprietary and open-

source options according to existing literature. 

Moreover, an application case of open-source 

software (Grafana) concerning a microgrid is 

expounded. Such a microgrid is framed in a R&D 

project about the development of digital replicas of 

smart microgrids based on renewable energies. 

 

The structure of the rest of the article is as follows. 

The second section delivers an overview of the 

existing literature. In the third section, a set of design 

considerations for monitoring interfaces in 

microgrids are provided. Section 4 reports an open-

source monitoring interface applied to a DC 

microgrid. Finally, the main conclusions of the 

conducted work are addressed. 

 

 

2 BRIEF LITERATURE SURVEY 
 

This section performs a literature survey about 

monitoring interfaces devoted to DC microgrids and 

photovoltaic systems. It must be noted that this work 

is not envisioned to present an in-depth review about 

monitoring systems for renewable energy-based 

facilities. As it has been previously indicated, the 

focus of this paper is solely put on photovoltaic 

systems and DC microgrids. There are very 

interesting works dealing with monitoring interfaces 

applied to AC microgrids as well as to hybrid power 

systems without photovoltaic generation; however, 

they have not been included in this survey. 

 

In these scopes, a common practice consists on using 

software suites oriented to monitor/supervise 

industrial processes given their demonstrated 

reliability. Relevant examples are LabVIEW of 

National Instruments, WinCC of Siemens, and iFix 

of General Electric. 

 

Another option is developing the interface with open-

source software devoted to monitoring tasks, like 

ScadaBr, TangoControls or Grafana. These packages 

decrease or eliminate expenditures but require low-

level configurations and higher programming 

expertise. Further considerations about both options 

can be found in [2, 11, 23, 28]. 

 

Through diverse search processes in scientific 

databases, a set of papers from journals and 

conferences have been reviewed and selected. In 

order to provide useful and summarized information, 

Table I has been elaborated. As it can be seen, the 

scope of application, the used monitoring software, 

and the inclusion of scheme/diagrams and time-series 

plots are indicated. In some cases, in the managed 

paper there is no image of the developed interface so 

it is not known the type of implemented graphical 

representations. This situation is indicated in the 

table with NA (Not Available). 

 

Table 1: Surveyed works and main features. 

 

Work Scope Monitoring 

software 

Scheme/

Diagram 

Time-

series 

plot 

[1] Photovolt

aics 

Thinger.io No Yes 

[3] Microgrid LabVIEW No Yes 

[5] Microgrid LabVIEW No Yes 

[7] Microgrid WinCC No No 

[8] Microgrid LabVIEW No Yes 

[9] Microgrid WinCC No Yes 

[10] Microgrid EJS Yes Yes 

[12] Photovolt

aics 

LabVIEW No Yes 

[19] Photovolt

aics 

LabVIEW No No 

[20] Photovolt

aics 

LabVIEW Yes Yes 

[21] Photovolt

aics 

emonCMS No Yes 

[22] Photovolt

aics 

PHP No Yes 

[25] Microgrid LabVIEW Yes No 

[27] Microgrid HTML5 NA NA 

[29] Photovolt

aics 

Grafana No Yes 

[31] Microgrid iFix Yes No 

[32] Microgrid iFix Yes No 

 

On the view of the conducted survey, the following 

conclusions can be delivered. To begin with, 

concerning the applied software environment for 

monitoring, Figure 2 illustrates graphically the 

percentage of usage of the evaluated packages. As 

can be observed, LabVIEW is the most used 

package, a fact also pointed out by other works [22]. 

On the other hand, open-source software is a serious 

trend, with a growing amount of applications in the 

considered scopes.  

 

Regarding the hardware where the monitoring 

environment runs, it is a PC in the majority of 

systems. Nonetheless, open-source interfaces are 

usually executed in open-source hardware, mainly 

the microcomputer Raspberry Pi. About the style of 

the interface layout, a noticeably difference resides in 

the inclusion of schemes or diagrams of the 

monitored system. Only 5 of the reviewed 

contributions include a graphical representation of 

the physical system, commonly with a schematic 
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approach. Moreover, time-series charts are included 

in almost all the surveyed works, witnessing that 

these plots are essential for proper monitoring 

interfaces. 

 

 
 

Figure 2: Percentage of usage of monitoring software 

in the surveyed works 

 

 

3 DESIGN CONSIDERATIONS 
 

This section contains a set of design considerations 

from the authors derived from the acquired expertise 

concerning monitoring systems applied to 

microgrids. Indeed, many of the commented aspects 

are also valid for monitored processes out of the 

energy scope. 

 

Remote access to the monitoring system must be 

allowed. Nowadays, given the deep degree of 

penetration of Information and Communication 

Technologies (ICT), a monitoring interface must 

support on-line connections for tracking the 

microgrid at any moment from any place. In this 

regard, it must be noted that open-source solutions 

include by default this option, facilitating the remote 

visualization. On the other hand, proprietary 

solutions are increasingly providing apps for direct 

connection using smartphones. For example, the 

manufacturer of power equipment Victron Energy 

[18] offers an app to visualize the most relevant 

variables of the facilities involving its equipment, 

also accessible via web browser. 

 

Another aspect is related to the schematic or synoptic 

representation of the monitored grid. The inclusion of 

synoptic diagrams facilitates the comprehension of 

the physical deployment of the microgrid. In 

addition, arrows or moving elements can be used to 

indicate the direction of the energy/hydrogen flow 

(from the bus to loads or from generators to the bus). 

Another option consists on modifying the colour of 

the connection lines in order to illustrate the direction 

changes.  

 

A similar consideration for enhancing the human-

machine interaction consists on representing the 

physical device by means of illustrative draws or 

photography instead of through general block 

diagrams. Thus, the user/operator perceives the 

nature of the physical equipment in a high degree. 

An interesting decision is about using screens or tabs 

dedicated to subsystems with enhanced information. 

For instance, an overview of the core system 

parameters and magnitudes within the main screen, 

as well as particular screens for detailed numerical 

and graphical data of a component (load or 

generator). With this layout, the user rapidly views 

the most illustrative information at a glance and, also, 

search for particular data if interested. 

  

Information about the communication network that 

links the hardware for data acquisition and the 

equipment where the monitoring interface runs is 

also relevant. Data about the successful connection 

from nodes in the network or crash events can be 

useful for monitoring the proper operation of the 

information exchange. This data can be provided in 

dedicated screens jointly with other information like 

alarms. 

 

Weather information is commonly added to the 

provided data in order to illustrate the existing 

conditions, which, evidently, affect to the power 

generation. For instance, high wind speed reduces the 

temperature of photovoltaic modules, improving their 

performance. 

 

User administration is also a general function of 

monitoring systems. By means of user authentication 

(name and password) a basic level of security is 

implemented. Different degrees of access and 

permissions should be established in order to 

differentiate from simple observers to advanced 

administrators of the microgrid. Additional 

information security measures must be taking into 

account given the increasing cyber-security threats. 

Nevertheless, these issues are out of the scope of this 

paper. 

 

In the case of enabled connection/disconnection of 

equipment, for instance, a load, buttons or similar 

controls are given for the user to manipulate the 

device from the interface. A similar option consists 

on modifying setpoints through numerical fields, so 

the operator can directly write a value which is sent 

in real-time to the memory of the controller. When 

these manipulations are enabled, restrictive check 

loops must be implemented in order to avoid 

erroneous values which could damage the equipment. 

This issue is related to the user administration 

commented in the previous point. 
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Options provided to the operator can also be the 

selection of the storage file/database, the amount of 

magnitudes to include within a chart or even the time 

interval to visualize. In this regard, for graphical 

evolution over time of magnitudes, the considered 

interval is an important issue that can depend on the 

nature of such magnitude. For example, the variation 

of irradiance is generally slower than that of battery 

current. If the user can select the time interval, he/she 

is allowed to explore in real-time the behaviour over 

certain period. If this capability is not implemented, 

the operator will have to use the stored historical 

data. 

 

The inclination degrees are not commonly shown in 

the interfaces, mainly due to the fact that the PV 

modules are fixed. In the case of tracking, to one or 

two axis, the interface should include this essential 

value. 

 

Depending on the size of the facility, including 

geographical information in the form of GIS can be 

considered. In the case of DC microgrids, this 

information is not commonly provided. 

 

Alarms and events are paramount requirements for 

any monitoring software. This feature is commonly 

included in the suites so the developer must 

configure thresholds and ranges over the monitored 

magnitudes in order to create alarms for anomalous 

situations or deviations of the expected behaviour. 

 

Finally, an important requirement is that the software 

supports connectivity with open-source hardware and 

software. For example, LabVIEW can be connected 

to Arduino boards through the LIFA toolkit; Grafana 

can retrieve data from a large amount of database 

management systems like MariaDB, InfluxDB, 

PostgreSQL, etc. Besides, this connectivity can be 

achieved through open communication protocols like 

Open Platform Communications (OPC) or Modbus, 

widely incorporated in monitoring/supervisory 

software and also supported by open-source libraries. 

This characteristic is achieving increasing importance 

due to the aforesaid application of open-source 

technologies both for data acquisition and 

monitoring. Indeed, integration of commercial 

equipment with open-source tools also constitutes a 

prolific field of research within this scenario [8, 11]. 

 

 

4 APPLICATION CASE USING 

OPEN-SOURCE SOFTWARE IN DC 

MICROGRID 
 

As indicated in the Introduction, within R&D 

context, a DC microgrid has been built with the 

corresponding monitoring interface. In this section, 

the key features of the microgrid as well as the 

deployed interface are described. 

 

4.1 DESCRIPTION OF THE DC 

MICROGRID 

 

The DC microgrid integrates renewable generation 

through a Photovoltaic Generator (PG), a Lithium 

battery for energy storage and hydrogen. For 

hydrogen production a Polymer Exchange Membrane 

(PEM) electrolyser is used, whereas a PEM fuel cell 

consumes the accumulated hydrogen to supply the 

load. Such load is a programmable equipment in 

order to configure different load profiles and test the 

operation of the facility. An automation system 

collects data from a variety of sensors and 

implements an energy management strategy for a 

proper behaviour. Figure 3 shows the schematic 

diagram of the microgrid. 

 

 
 

Figure 3:  Diagram of the monitored DC microgrid. 

 

4.2  MONITORING INTERFACE USING 

OPEN-SOURCE GRAFANA 

 

In order to visualize in real-time the temperature of 

the modules that compose the PG, a monitoring 

interface has been implemented using Grafana. This 

software runs in a Raspberry Pi connected to an 

Arduino through an Ethernet network (see Figure 4). 

A set of digital sensors measure the temperature and 

send data to the Arduino, which transmits it to a 

database hosted by the Raspberry Pi. The Grafana 

dashboard collects this information and displays it in 

a friendly-manner to the user, which has established 

an on-line connection via web browser. 

 

 
 

Figure 4: Deployed monitoring system using Grafana 

package. 

 

The monitoring interface can be seen in Figure 5. It is 

composed by a time-series plot for the operator to 

observe the evolution of the sensed temperatures. 
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The shown data corresponds to 10 and 11 February, 

being the first one a sunny day, so the measured 

temperatures evolve following the typical variation 

of irradiance. The user is able to zoom in the plot as 

well as to choose the time interval to visualize. In 

addition, a gauge illustrates the instant value of one 

temperature in order to know at a glance such value. 

Other element that has been considered relevant is a 

table which provides metrics, namely, the current, 

minimum and maximum temperatures for each 

sensor. 

 

Designing dashboards with Grafana is an easy task 

mainly due to the wide variety of in-built functions 

and available add-ons. Consequently, intuitive and 

attractive graphics can be deployed without long 

development times neither programming skills. 

 

 
 

Figure 5:  Monitoring interface developed to display 

the temperatures of PV modules in Grafana. 

 

In addition, it must be remarked that the developed 

interface has been working in a continuous manner 

for 10 months without any crash event, which implies 

a reliable and stable operation. This interface is 

currently being enriched and expanded aiming to 

represent other variables of the microgrid. 

  

Nonetheless, some disadvantages must be also 

commented. Namely, despite the fact that using 

Grafana is user-friendly, managing the RPi where it 

runs involves certain skills with the UNIX-based 

operating systems. This issue can be solved if MS 

Windows operating system was used, for which there 

are Grafana versions available.  

 

On the other hand, Grafana does not allow 

manipulating the monitored process. This task is very 

useful for situations where the operator needs to 

modify some setpoint or parameter of the microgrid 

in a direct manner. To do this, writing operations 

should be performed over the memory positions of 

the control unit. However, as indicated, nowadays 

Grafana does not support this functionality. 

 

 

5 CONCLUSIONS 
 

The paper has presented a survey about monitoring 

interfaces applied to DC microgrids and photovoltaic 

systems. The main focus has been put on the 

software used as well as on deployment aspects. In 

addition, a set of design considerations have been 

provided. An application case using Grafana, open-

source software, for an experimental microgrid has 

been described. 

 

This work is envisioned to contribute to the design 

and development stage of monitoring interfaces 

devoted to microgrids within R&D projects. 

 

Further guidelines will address the design of digital 

replicas of the microgrid using the information 

retrieved and stored by the reported monitoring 

interface.  
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Resumen en español 
 

INTERFACES DE MONITORIZACIÓN 

PARA MICROGRIDS Y SISTEMAS 

FOTOVOLTAICOS: BREVE 

REVISIÓN Y CASO DE APLICACIÓN 
 

Resumen 

 
Los interfaces de monitorización permiten la 

interacción entre el operador humano y el proceso 

monitorizado. Esta función adquiere especial 

relevancia para escenarios avanzados como las 

microgrids y las instalaciones basadas en energías 

renovables, que integran una gran cantidad de 

magnitudes e interacciones energéticas. El presente 

artículo lleva a cabo una breve revisión sobre 

interfaces de monitorización aplicados a microgrids 

DC y sistemas fotovoltaicos. Los entornos software 

empleados así como aspectos sobre el diseño gráfico 

son estudiados y reportados. Además, se expone un 

caso de aplicación experimental utilizando software 

open-source (Grafana) en una microgrid DC. 

 
Palabras clave: Monitorización, energías 

renovables, microgrid, energía fotovoltaica, open-

source, Grafana. 
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