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Contribución a la monitorización y análisis del funcionamiento 
de sistemas fotovoltaicos
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‘Desarrollar técnicas de monitorización para la medida 
de la corriente y tensión del generador fotovoltaico en sistemas fotovoltaicos autónomos 
con reguladores PWM’, ha



181TM  EEE Standard for Transitions, 
Pulses, and Related Waveforms





Analizar la influencia del intervalo de registro y del 
periodo de análisis en la estimación de la energía fotovoltaica autoconsumida en los 
sistemas fotovoltaicos de autoconsumo.’ 





Definir y analizar métodos de dimensionado de 
sistemas fotovoltaicos de autoconsumo en viviendas residenciales a partir de datos 
monitorizados de consumo. Se pretende conseguir que el coste de la electricidad 
generada por el sistema sea competitivo comparado con el precio de la electricidad de 
la red eléctrica, maximizando la energía fotovoltaica autoconsumida’ 
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Definir y analizar métodos de dimensionado a partir 
de los datos monitorizados de sistemas fotovoltaicos de autoconsumo siguiendo un 
enfoque de rentabilidad económica’ 
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Abstract: 

The performance of stand-alone photovoltaic (SAPV) systems can be evaluated by 
monitoring them in the field using data acquisition systems (DASs). Most SAPV 
systems use battery charge controllers with pulse width modulation (PWM) to 
regulate the current into the battery. The PWM signals generated by battery charge 
controllers imply monitoring challenges due to the complexity of this type of signal. 
In this sense, the aim of this paper is to develop a new and simple monitoring 
technique for SAPV systems which can estimate the signals provided by a PWM 
battery charge controller, thus avoiding expensive DASs, simultaneous sampling 
and the huge amount of collected data. The estimation of PWM signal parameters, 
such as the duty factor (df) or high and low states, shows high accuracy, with the 
mean absolute percentage error lower than 1.4%, a mean relative error within 1.4%, 
and the coefficient of determination higher than 0.9. Furthermore, the proposed 
technique may easily be used for other electrical devices where PWM is employed.
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Abstract: 

Various challenges should be considered when measuring photovoltaic array power 
and energy in pulse width modulation (PWM) charge controllers. These controllers 
are frequently used not only in stand-alone photovoltaic (SAPV) systems, but may 
also be found in photovoltaic (PV) self-consumption systems with battery storage 
connected to the electricity grid. An acceptable solution may be reached using 
expensive data acquisition systems (DASs), although this could be generally 
disproportionate to the relatively low cost of SAPV systems. Therefore, the aim of 
this paper is to develop new and effective monitoring techniques which will provide 
the PV array direct current (DC), output power (PA,dc), and PV array DC output 
energy (EA), thus avoiding the use of sophisticated DASs and providing high 
accuracy for the calculated parameters. Only transducers and electronic circuits that 
provide the average and true rms values of the PWM signals are needed. The 
estimation of these parameters through the aforementioned techniques showed high 
accuracy for both series and shunt PWM battery charge controllers. Normalized 
root mean square error (NRMSE) was lower than 2.4%, normalized mean bias error 
(NMBE) was between −1.5% and 1.1%, and mean absolute percentage error 
(MAPE) was within 1.6%.
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Abstract: 

Smart grids are not only considered as the solution of a great number of challenges 
for electricity systems, but also the path to move to a low carbon economy. 
Photovoltaic self-consumption may play a key role in speeding up such a transition 
especially in the context of zero energy buildings. The control and management of 
a smart grid is made by updating energetic and economic parameters such as the 
load consumption and the photovoltaic generation through smart connected 
devices, which provide real time operation and energy measurements. This work 
analyses the error when matching the load consumption and photovoltaic 
generation profiles. Different recording intervals and reporting periods in a 
photovoltaic self-consumption system are considered. The PV system rating ranges 
from 0.01 to 10kWp. The upper value has been chosen as it may constitute an upper 
limit for conventional households.
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Este trabajo de investigación ha sido mencionado en el número de Photovoltaics 
literature survey (Nº 146) como uno de los artículos para mantenerse al día en el 
campo de la fotovoltaica que se encuentran en las revistas más relevantes  [74]. 

 

Abstract: 

Applications for sizing Photovoltaic (PV) self-consumption systems have been 
studied over recent years in order to achieve either an optimization of the cost of 
energy, the investment cost or any economic profitability criteria. However, PV 
self-consumption systems at the residential or small business level can be designed 
with the aims of reducing the electricity consumption from the conventional local 
grid and achieving competitiveness with grid electricity prices. These criteria will 
provide not only greater environmental benefits, security and independence of the 
grid but it will make the cost of PV self-consumption electricity competitive with 
electricity prices from the power grid. In this sense, this paper proposes a method 
to size the generator for a PV self-consumption system based on cost-
competitiveness, maximizing direct self-consumption. The method will be applied 
for three different households located in the south of Spain using the household 
daily consumption and generation profiles for a single year. However, the method 
here illustrated can be applied to other countries. The results obtained suggest that 
residential direct PV self-consumption systems with an annual global irradiation at 
the optimal tilt angle higher than 1000 kWh/(m2·year) may be a feasible investment 
to future owners of these systems. 
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Abstract: 

A proper assessment of the cost-competitiveness and profitability of self-
consumption systems is crucial to promoting the transition from grid-dependent to 
energy self-sufficient buildings. Most of the approaches found in the literature may 
not take into account economic parameters such as taxes, depreciation and the cost 
of financing, which have a significant effect on the economic profitability of an 
investment. Moreover, they only focus on discrete array powers and relatively high 
recording intervals when estimating the self-consumed energy. In order to manage 
the aforementioned challenges, a new method will be developed to size the PV 
generator in a PV self-consumption system which provides the NPV curve together 
with the self-consumption and self-sufficiency indices for a wide range of array 
powers which suits residential self-consumption systems. Two scenarios will be 
considered depending on whether the generated surplus electricity is wasted or it is 
remunerated from the grid operator. Results show that not only the chosen scenario 
but the electricity tariff may be key parameters when optimizing NPV. Furthermore, 
the impact of the recording interval may be significant when estimating NPV. 
Percentage errors of 11.4% and 33.6% may be reached when considering a 
recording interval of 15 and 60 min, respectively.





Parte II:  Compendio de trabajos publicados 

173 
 

2. Artículos indexados JCR generados en el marco de la 
tesis 

La siguiente relación de artículos indexados en JCR se han generado dentro del 
marco de la presente tesis: 

[1] C. Rus-Casas, L. Hontoria, J.I. Fernández-Carrasco, G. Jiménez-Castillo, F. J 
Muñoz-Rodríguez, Development of a Utility Model for the Measurement of Global 
Radiation in Photovoltaic Applications in the Internet of Things (IoT), Electronics. 
8 (2019) 304. doi:10.3390/electronics8030304. 

Estado / Status: Publicado / Published. 

Índice de impacto / Impact Factor: 2.412. 

Categoría / Catogory: Engineering, Electrical & Electronic. Ranking (2019): 
125/266 (Q2). 

 

[2] F.J. Muñoz, G. Jiménez, M. Fuentes, J.D. Aguilar, Power Gain and Daily 
Improvement Factor in Stand-Alone Photovoltaic Systems With Maximum Power 
Point Tracking Charge Regulators. Case of Study: South of Spain, J. Sol. Energy 
Eng. 135 (2013) 041011. doi:10.1115/1.4025205 

 

Estado / Status: Publicado / Published. 

Índice de impacto / Impact Factor: 1.132. 

Categoría / Catogory: Energy & Fuels. Ranking (2013): 49/83 (Q3). 

   Engineering, Mechanical. Ranking (2013): 47/128 (Q2). 



 

 
 



Parte II:  Compendio de trabajos publicados 
 

175 
 

3. Comunicaciones a congresos y conferencias internacionales 

 [1] M. Jiménez-Torres, L. Hontoria, P.G. Vidal, J.C. Hernández, G. Jiménez-Castillo, 
C.R.- Casas, Tools for increasing the use of renewables energies based on photovoltaic 
systems. Development of a GUI for the monitoring of the solar resource., in: 
ScienceKnowconferences (Ed.), Extrending Abstr. Book. 7th Int. Congr. Energy Environ. 
Eng. Manag. 17-19 July 2017, Canar. Islands, SPAIN, 2017: pp. 209–212. 

[2] G. Jiménez-Castillo, F.J. Muñoz-Rodríguez, G. Almonacid, J.. Fernández-
Carrasco, B. Ogayar, C. Rus-Casas, New techniques to improve Photovoltaic Systems 
Monitoring, in: ScienceKnowconferences (Ed.), Extrending Abstr. Book. 7th Int. Congr. 
Energy Environ. Eng. Manag. 17-19 July 2017, Canar. Islands, SPAIN, 2017: pp. 113–
116. 


	01-Portada
	02-
	03-

