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ABSTRACT 

In remote locations where people are required to live, such as weather stations in mountain areas, astronomical 

observatories etc., it is necessary to provide electricity for the operation of equipment and for domestic needs. 

The optimal solution is the use of photovoltaic energy. Owners of solar systems can remotely monitor the 

operation of the photovoltaic plant via the Internet (LTE, LoRa). The operating parameters of the solar 

installation can be seen in real time or can be adjusted. The article presents theoretical aspects, the hardware 

structure of monitoring equipment and remote monitoring software, which allow the analysis of the production 

and efficiency of the photovoltaic (PV) installation. 

REZUMAT 

În locațiile îndepărtate în care oamenii trebuie să locuiască, cum ar fi stațiile meteo din zonele montane, 

observatoarele astronomice etc., este necesar să se furnizeze energie electrică pentru funcționarea 

echipamentelor și pentru nevoile casnice Soluția optimă este utilizarea energiei fotovoltaice. Proprietarii de 

sisteme solare pot monitoriza de la distanță funcționarea centralei fotovoltaice prin Internet (LTE, LoRa). 

Parametrii de funcționare ai instalației solare pot fi vizualizați în timp real sau pot fi reglați. Articolul prezintă 

aspecte teoretice, legate de structura hardware a echipamentelor de monitorizare și software-ul de 

monitorizare la distanță, care permit analiza producției și a eficienței instalației fotovoltaice. 

INTRODUCTION 

 Monitoring of the photovoltaic systems is useful for maintenance or for improving the performances of 

energy production. In order to be able to monitor the operation of the solar system, the equipment (e.g. solar 

charger, inverter) must be provided with communication interfaces. By means of additional hardware 

equipment and software applications, remote monitoring can be performed directly through the local network 

or through the Internet (LTE, LoRa). In other papers that addressed the monitoring of PV systems, the authors 

used wireless systems (Andreoni et al., 2012) or data acquisition system (DAS) (Meyer et al., 2020) for remote 

monitoring and control for microgrid applications. In the first mentioned work, the authors present a flexible, 

robust and reliable measurement and control system based on wireless sensor network (WSN) architecture. 

The wireless communication technology utilizes a full duplex digital system using the ZigBee protocol, based 

on the IEEE 802.15.4 standard for Wireless Personal Area Network (WPAN). In the second paper, the authors 

present a data acquisition system (DAS) for monitoring electrical and meteorological parameters for a 

microgrid system composed of three PV systems. Electrical and meteorological data are automatically 

recorded using two data loggers, and the data is periodically downloaded via Wi-Fi to a personal computer for 

analysis. 

In this article, the authors present the hardware structure of a monitoring equipment and a virtual instrument 

developed for monitoring a PV system from a remote location. The photovoltaic system is located on  a mooring 

pontoon in the Danube Delta. For the purpose of remote monitoring, the equipment is connected to the internet 

via a Venus GX unit from Victron Energy. At the location of the pontoon, the internet was provided with an LTE 

router. 
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MATERIALS AND METHODS 

Photovoltaic system 

 In Romania there are favourable conditions for the production of solar energy, the potential being on 

average 1500 kWh /m2/an. (***) 

 A solar installation installed by the authors on a mooring pontoon (Fig. 1) in an isolated area of the 

Danube Delta is equipped with a remote monitoring system of operating parameters. Through the monitoring 

system, the operating parameters of the PV system can be seen or the system parameters can be changed. 

 The parameters of the PV installation are: solar power, solar voltage and current, voltage, current and 

battery temperature. The system parameters can be: AC input current limit, battery monitor, DC input low shut-

down, DC input pre-alarm, shut-down on SOC (state of charge) limit, absorption voltage, float voltage, charge 

current, ESS (energy storage system) grid set point and others. The area of photovoltaic panels is 

dimensioned, by the amount of electrical energy to be supplied by photovoltaic panels in one day so that to 

supply electrical loads in the amount of 1.1 kW. 1.1 kW 24 h = 26.4 kWh. 

 In order to achieve a 27 kWh average production capacity in any season during a calendar year, 30 

photovoltaic panels of 265 W are needed. The electricity produced during the day is stored in 12 batteries with 

the following characteristics: voltage U = 12 V, capacity C = 220 Ah. The energy stored by them is E = U [V] 

C [Ah]  12 = 12 V  220 Ah  12 = 31680 Wh. To prolong the battery life to 1000 discharge cycles specific to 

gel batteries, the battery state of charge  must be maintained at 60%. Then, the available battery energy is Eb 

= 31.68 kWh  40% = 12.67 kWh, which can ensure consumption for about 12 hours without sun. For batteries 

charging, a charger model SmartSolar 250/100 produced by Victron Energy is used, and for energy 

management and for DC/AC conversion (inverter), a Quattro 48/8000 unit also from Victron Energy is used. 

 

 
Fig. 1 - Solar installation located on a mooring pontoon in the Danube Delta 

 For the purpose of remote monitoring, the pieces of equipment are connected to the internet via a Venus 

GX unit. At the site of the pontoon, the internet was provided with an LTE router. 

 

Theoretical aspects 

 The current – voltage curves of a PV module describes the ability to convert energy under given 

conditions of irradiance and temperature. A PV cell is a p-n junction with features similar to a diode (*). When 

the cell is illuminated, photons excite electrons in it and a current is generated. This is known as the 

photovoltaic effect. The current of a PV cell can be modeled: 

𝐼 = 𝐼0 [𝑒𝑥𝑝 (
𝑞𝑉

𝑛𝑘𝑇
) − 1]−𝐼𝐿                                  (1) 

 The parameters used to characterize the output of solar cells are the short circuit current (Isc) - current 

with zero voltage and the open circuit voltage (Voc) - maximum voltage with zero current (Mori et al., 2020). 

This value increases logarithmically with increased sunlight. At I = 0: 

VOC =
nkT

q
ln (

IL

I0
+ 1)       (2) 

 The current – voltage curve is characterized by the following parameters (Moulin et al., 2019; *****): 
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- Maximum power point (MPP) - designated as the rated power of a photovoltaic cell, is the point on the current-

voltage curve at which it operates at maximum power. For MPP, both the rated current (IMPP) and the rated 

voltage (VMPP) are specified. 

 
Fig. 2 - Current – voltage characteristics of a p-n junction subject to illumination  

 

- The short-circuit current (ISC), which varies depending on the technology used to build the cell. An 

important feature of the short-circuit current of the cell is that it is linearly dependent on irradiance.  

- Open Circuit Voltage (VOC) - represents the voltage at the terminals of the cell when it has no load. 

VOC is also dependent on the material from which the cell is made. 

 
Fig. 3 - The current – voltage and P – V curves of a photovoltaic cell 

 The solar irradiance incident to a solar panel is the most important factor in amount of power a solar 

cell can generate. The amount of irradiation affects the short-circuit current drastically, while the open-circuit 

voltage remains almost unchanged. The maximum power point MPP tracks very closely with the irradiance 

incident to the solar cell and it is proportional to the irradiance (****). 

The fill factor FF is a qualitative size used to characterize solar cells. Assuming an ideal I-V curve, 

rectangular in shape, in which the point of maximum power is obtained by multiplying the values of the short-

circuit current and the open-circuit voltage, the filling factor represents the deviation of the real characteristic 

from the ideal one. From a geometric point of view, the filling factor represents the ratio between the surfaces 

formed by the two characteristics in the system of orthogonal axes. The value for fill factor FF has the following 

calculation formula: 

FF =
PMPP

VOC∙ISC
=

η∙AC∙E

VOC∙ISC
      (3) 

Solar Cells Efficiency 

 The conversion efficiency of photovoltaic cells represents their electricity flow in relation to the energy 

absorbed by the incident solar radiation (Mehmet and Furkan, 2011; Cristescu et al., 2017; Meyer et al., 2020). 

This is calculated by dividing the peak electric power of the cell expressed in W by the power density of the 

incident radiation when the maximum power is reached expressed in W/m2 and at the cell surface expressed 

in m2: 

      η =
PMPP

AC∙E
      (4) 

 In the production of photovoltaic cells, given the dependence of their electrical characteristics on 

temperature and radiation spectrum, the conversion efficiency is determined according to standardized test 

conditions STC - Standard Test Conditions (**). These assume a temperature of 25°C with a tolerance of ± 
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2°C, the incident irradiance of 1000W/m2 and the spectral distribution of the radiation corresponding to an air 

mass index AM 1.5. The STC’s correspond to a clear day in which the Sun has an elevation angle of 41.81° 

and the cell is oriented towards it, at an angle of 37°. 

 The efficiency of a solar cell is determined as the fraction of incident power which is converted to 

electricity and is defined as: 

PMPP = VOC ∙ ISC ∙ FF     (5) 

where: VOC is the open circuit voltage; 

Isc is the short circuit voltage; 

FF is the fill factor 

η =
VOC∙ISC∙FF

Pin
       (6) 

 The power of incident solar radiation can be measured using a light sensor placed locally or from a 

nearby weather station. (Fig. 4).  

The efficiency of a photovoltaic installation can be determined in real time with a software algorithm 

that takes into account the surface of the photovoltaic installation, rated power of solar panels and the locally 

measured temperature and sun luminosity (Attari et al., 2016; Filippo et al., 2013; Nanjannavar, 2013; Suresh 

et al. 2014). 

 
Fig. 4 - Records of the solar power peak for June 2020 at PV plant location (aprs.fi/weather Luminosity) 

PV system monitoring 

 High-performance equipment for solar installations such as solar chargers or inverters have Serial, 

Ethernet, CAN or Modbus communication ports. These devices can be connected to the internet through 

gateways. Some companies producing equipment for solar photovoltaic systems also provide modules for 

transmitting operating parameters via the Internet. The equipment of the solar installation transmits data in real 

time by means of these communication devices, thus being able to monitor the state of charge of the batteries, 

the voltage and the current delivered by the solar panels, the temperature of the batteries and the state of 

operation of the inverter (Andreoni et al., 2012). Through a console, the operating parameters of the solar 

system can be changed or one can upload configuration files. 

 Individual equipment equipped with a communication port can also be connected to the internet. Thus, 

an MPPT solar charger from Victron Energy (Fig. 5) can be connected to the Internet via a gateway module. 

In Figure 6 it can be seen the realization of a communication module for a solar charger. Serial data from the 

pins of VE.Direct port of the charger are converted to RS232 and connected to an RS232-Ethernet gateway 

module, model WIZ110SR from Wiznet. 

  
Fig. 5 - TCP/IP  gateway module for solar charger 
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Fig. 6 - VE. Direct serial port on Victron solar charger 

 The gateway module connects to the internet via a router (Fig. 7) which is configured with port 

forwarding. The gateway module is configured as TCP server mode, has an IP configured, an ethernet 

communication port and the COM port through which the communication with the solar charger is made.  

 
Fig. 7 - The way to connect the solar charger to the internet 

 The authors have developed a software tool in the LabView environment with which the parameters 

provided by the solar charger by serial port (Fig. 8) can be monitored, via the Internet. It has an interface 

through which the header of the monitored values can be set. Values with the correct pattern are represented 

graphically. For example, the “VPV” parameter which is the voltage from the  solar panel has the value 

transmitted serially: 14110 (mV).  

 
Fig. 8 - Software tool for monitoring the solar charger 

 Solar installations connected to the Internet through a monitoring system equipped with Modbus TCP 

service can be monitored using software applications that read the values of the registers from remote units 

ID’s. A GX monitoring system from Victron Energy has the unit ID and services in Table 1. 

                                                                                                         Table 1 

Modbus TCP services 

com.victronenergy.hub4 

com.victronenergy.hub4 
Unit ID: 100 

BlueSolar Charger MPPT 

com.victronenergy.solarcharger 
Unit ID: 239 

com.victronenergy.system 

com.victronenergy.system 
Unit ID: 100 

MultiPlus 

Com.victronenergy.vebus 
Unit ID: 246 

 

ROUTER 

Gateway 

module 

RS232-TTL 

Converter 

Solar 

MPPT 

Charger 

Internet 
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  By unit ID 246, VE.Bus state (0=Off; 1=Low Power; 2=Fault; 3=Bulk; 4=Absorption; 5=Float; 6=Storage; 

7=Equalize; 8=Passthru; 9=Inverting; 10=Power assist; 11=Power supply; 252=Bulk protection) and battery 

temperature can be monitored. By unit ID 239, MPPT charger status, PV voltage; PV power and PV current 

can be monitored. By Unit ID 100, battery voltage, battery current, battery power and SOC – state of charge 

can be monitored (Sivagami and Jothiswaroopan, 2020; Vargas et al., 2019).  

 An application for the complete monitoring of the photovoltaic system was also developed, in the 

LabView environment which monitor the PV system via Modbus TCP. The virtual instrument has the block 

diagram in Figure 9 and the front panel from Figure 10. In the application window the user can select the 

parameters that can be displayed on the graph and the recorded data can be saved in files. 

 The block diagram of the instrument for monitoring the photovoltaic installation uses a TCP master 

function through which unit IDs of the PV system are accessed, and on the basis of the registers the operating 

parameters of the photovoltaic system for electricity production are read. The data read from the devices are 

processed and displayed on the dials and on the graph. The curves displayed on the graph can be selected 

by means of a selection block made with the "case structure" function. 

 
Fig. 9 - Block diagram of the instrument for monitoring PV installation made in LabView 

 
Fig. 10 - Front panel of the virtual instrument for monitoring PV installation  
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 The block diagram of the instrument for monitoring the photovoltaic installation uses a TCP master 

function through which unit IDs of the PV system are accessed, and on the basis of the registers the operating 

parameters of the photovoltaic system for electricity production are read. The data read from the devices are 

processed and displayed on the dials and on the graph. The curves displayed on the graph can be selected 

by means of a selection block made with the "case structure" function. 

 

RESULTS 

The following is the data recorded for June 2020 by monitoring the remote PV plant. Figure 11 shows the 

curves drawn for the production of solar energy and PV power. The graph shows that in the middle of the 

month, productions of 10 kWh were obtained. 

 

Fig. 11 - Solar Yield / PV Power  

 

Figure 12 shows the voltage variation provided by the solar panels for June 2020.  

 

Fig. 12 - Maximum PV Voltage 

 

 The variation curve of the maximum battery voltage can be found in figure 13. It can be seen that once 

in 7 days the battery charging system raises the voltage to ~ 14.5 V when the batteries enter Cycle service 

with absorption mode. 

 

Fig. 13 - Maximum battery voltage 
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 Figure 14 shows the variation of the battery temperature for June 2020. The temperature of the batteries 

oscillates by a few degrees between night and day when the batteries are charged. It is found that the 

temperature of the batteries has an increasing trend towards the end of the month with the warming of the 

weather. 

  
Fig. 14 - Battery temperature variation 

 

 In Figure 15 is a diagram with battery voltage, PV current and PV power made with data for a period of 

24 days, data that were downloaded from the VRM portal of Victron Energy. 

 

 
Fig. 15 - Battery voltage, PV current and PV power for 24 days 

CONCLUSIONS  

In order to be able to optimize the energy production of a photovoltaic installation, it is necessary to 

monitor the operating parameters. If the installation is located in a remote area and is not serviced by personnel 

with technical knowledge, monitoring can be done remotely.  

By transmitting the operation data of the solar installation to a cloud server, the operation history of the 

PV installation can be kept. 

By remote monitoring, some measures to improve the performances of the installation can be taken. 

For example, if there is a deterioration in energy production, this may be due to the dirt covering the solar 

panels and measures may be taken to clean the panels. 
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By connecting the equipment of the photovoltaic installation to the internet, some operating parameters 

can be changed remotely and alarms can be received in case of abnormal operation.   

With the help of a software instrument, the operation of a photovoltaic plant placed in a remote location 

can be watched live. 

 

ACKNOWLEDGEMENT 

 This paper has been funded by the Romanian Ministry of Research and Innovation under Nucleu 

Programme, Financial Agreement no. 19N/2019, Ad 9/2020, Project code PN 19-18.01.01, Phase 15 

“Contributions to the modernization of the fluid power field by integrating intelligent equipment in the systems 

compatible with the automation solutions of the future, which is part of the Industry 4.0 concept”, while the 

scientific results have been obtained in the framework of a project co-financed by the European Union through 

the European Regional Development Fund, under Competitiveness Operational Programme 2014-2020, 

Priority Axis 1: Research, technological development and innovation (RD&I) to support economic 

competitiveness and business development, Action 1.1.4 – Attracting high-level personnel from abroad in order 

to enhance the R&D capacity, project title: Establishing a high level proficiency nucleus in the field of increasing 

renewable energy conversion efficiency and energy independence by using combined resources, project 

acronym: CONVENER, Financial agreement no. 37/02.09.2016. 

 

REFERENCES 

[1] Andreoni, M., Mantinan, F.J., Molina, M.G. (2012), Implementation of wireless remote monitoring and 

control of solar photovoltaic (PV) system, Sixth IEEE/PES Transmission and Distribution Conference 

and Exposition, DOI:10.1109/TDC-LA.2012.6319050 

[2] Attari, K., Elyaakoubi, A., Asselma, A. (2016), Performance analysis and investigation of a grid-

connected photovoltaic installation in Morocco, Online at www.sciencedirect.com, Elsevier. 

[3] Cristescu, C., Dumitrescu, C., Dulgheru, V., Popescu, T.C., (2017), Increasing energy efficiency and 

optimizing the operation of systems that produce clean energy from renewable sources. Hidraulica 

Magazine 3, pp. 62–73. 

[4] Filippo, S., Fabio, C., (2013), Monitoring and checking of performance in photovoltaic plants: a tool for 

design, installation and maintenance of grid connected systems. Renew Energy 60. 

[5] Mehmet, E. M., Furkan, D., (2011), A review of the factors affecting operation and efficiency of photovoltaic 

based electricity generation systems. Online at www.sciencedirect.com, Elsevier. 

[6] Meyer, E.L., Apeh, O.O., Overen, O.K., (2020) Electrical and Meteorological Data Acquisition System 

of a Commercial and Domestic Microgrid for Monitoring PV Parameters, Applied sciences-Basel, 10 

(24), Article Number: 9092, DOI: 10.3390/app10249092, https://www.mdpi.com/2076-3417/10/24/9092  

[7] Moulin, N., Amara, M., Mandorlo, F., Lemiti, M., (2019), Tunnel junction I(V) characteristics: Review and 

a new model for p-n homojunctions, Journal of applied physics, 126 (3), Article Number: 033105, 

DOI: 10.1063/1.5104314, https://www.researchgate.net/  

[8] Mori, R., Tezuka, N., Imamura, T., Tanaka, K., (2020), Fabrication of a transparent p-n junction using 

CuBr1-xIx and ZnO nanorods, Japanese journal of applied physics, Volume: 59 (SC), Article 

Number: SCCB09, DOI: 10.7567/1347-4065/ab4a9f https://apps.webofknowledge.com/  

[9] Nanjannavar, V., Gandhi, P., Patel, N., LabVIEW based PV cell Characterization and MPPT under 

Varying Temperature and Irradiance Conditions, Nirma University International Conference on 

Engineering, NUiCONE, 2013. 

[10] Sivagami, P., Jothiswaroopan, N. M., (2020), IOT based statistical performance improvement technique 

on the power output of photovoltaic system, Journal of ambient intelligence and humanized computing, 

10.1007/s12652-020-01954-8, https://link.springer.com/article/10.1007/s12652-020-01954-8  

[11] Suresh, S., Rakesh, K., Vivek, V., (2014). Performance analysis of 58kW grid-connected roof-top solar 

PV system. In: Power India International Conference, PIICON, 6th IEEE. 

[12] Vargas, L. A., Fuentes, M., Vivar, G. M., Munoz, R., Francisco, J., (2019), Low-Cost Datalogger Intended 

for Remote Monitoring of Solar Photovoltaic Standalone Systems Based on Arduino (TM), IEEE Sensors 

journal, 19 (11), 4308-4320, DOI: 10.1109/JSEN.2019.2898667, https://www.researchgate.net/ 

[13] * Bowden, S, Honsberg, C., Photovoltaic Education. In http://www.pveducation.org/. 

 

http://dx.doi.org/10.1109/TDC-LA.2012.6319050
http://www.sciencedirect.com/
http://www.sciencedirect.com/
https://www.mdpi.com/2076-3417/10/24/9092
https://www.researchgate.net/publication/334557836_Tunnel_junction_I_V_characteristics_Review_and_a_new_model_for_p-n_homojunctions
https://apps.webofknowledge.com/summary.do?product=WOS&parentProduct=WOS&search_mode=GeneralSearch&parentQid=&qid=5&SID=C6lIomseivZQ1LcWhTj&&update_back2search_link_param=yes&page=2
https://link.springer.com/article/10.1007/s12652-020-01954-8
https://www.researchgate.net/
http://www.pveducation.org/


Vol. 64, No. 2 / 2021 INMATEH –

 

140 

[14] ** Coulee Ltd., Standard test conditions of a PV module. Online at: https://couleenergy.com/standard-

test-  conditions-of-pv-module. 

[15] *** Global irradiation and electricity potential. In  https://re.jrc.ec.europa.eu/pvg_download/map_index.html. 

[16] **** Leonics Co, Basics of MPPT Solar Charge Controller. In 

http://www.leonics.com/support/article2_14j/  articles2_14j_en.php. 

[17] ***** Solmetric Corporation, Guide to Interpreting I-V Curve Measurements of PV Arrays.  Application 

Note PVA-600-1, 2011. 

https://couleenergy.com/standard-test-conditions-of-pv-module
https://couleenergy.com/standard-test-conditions-of-pv-module
https://couleenergy.com/standard-test-conditions-of-pv-module
https://re.jrc.ec.europa.eu/pvg_download/map_index.html
http://www.leonics.com/support/article2_14j/articles2_14j_en.php
http://www.leonics.com/support/article2_14j/articles2_14j_en.php

