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The use of solar energy is expected to increase around the 
world in the coming years. Particularly at middle and at low 
latitudes, it will be the main source of energy supporting 
the economy after global and local crises. Due in part to 
its reduced past environmental impact, solar energy will 
be crucial to the green production of industrial gases, a 
key factor in efficient, green, distributed energy storage. 
Solar–thermal concentration and photovoltaic plants will 
ensure distributed electrical energy production from very 
large scale to small local generation. The new industrial 
paradigms and increasing appeal of electrical mobility will 
require more green energy from the sun. This revolution 
needs to be pushed by high quality research results, both 
from academia and industrial R&D departments.

In this section, we aim to collect original and review papers 
reporting the latest advances in the broad field of solar and 
photovoltaic systems, including power generation and 
storage. We will focus on both established technologies 
applied in the real-world and prototype systems 
demonstrated on a laboratory scale. The demonstration 
of new material concepts and their application in devices 
will be of particular relevance as a way to provide the 
community with new potential solutions for future 
applications.

• Solar Energy

• Photovoltaic (PV) systems
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Featured Papers

DOI:10.3390/en13020308

A Novel Fault Classification Approach for Photovoltaic Systems
Authors: Varaha Satya Bharath Kurukuru, Frede Blaabjerg, Mohammed Ali Khan and 
Ahteshamul Haque 

Abstract: Photovoltaic (PV) energy has become one of the main sources of 
renewable energy and is currently the fastest-growing energy technology. As 
PV energy continues to grow in importance, the investigation of the faults and 
degradation of PV systems is crucial for better stability and performance of 
electrical systems. In this work, a fault classification algorithm is proposed to 
achieve accurate and early failure detection in PV systems. The analysis is carried 
out considering the feature extraction capabilities of the wavelet transform 
and classification attributes of radial basis function networks (RBFNs). In order 
to improve the performance of the proposed classifier, the dynamic fusion of kernels is performed. The 
performance of the proposed technique is tested on a 1 kW single-phase stand-alone PV system, which 
depicted a 100% training efficiency under 13 s and 97% testing efficiency under 0.2 s, which is better than 
the techniques in the literature. The obtained results indicate that the developed method can effectively 
detect faults with low misclassification. 

DOI:10.3390/en13020497

Parameter Estimation of Three Diode Photovoltaic Model Using Grasshopper 
Optimization Algorithm
Authors: Omnia S. Elazab, Hany M. Hasanien, Ibrahim Alsaidan, Almoataz Y. Abdelaziz  
and S. M. Muyeen 

Abstract: While addressing the issue of improving the performance of 
Photovoltaic (PV) systems, the simulation results are highly influenced by the 
PV model accuracy. Building the PV module mathematical model is based on its 
I-V characteristic, which is a highly nonlinear relationship. All the PV cells’ data 
sheets do not provide full information about their parameters. This leads to a 
nonlinear mathematical model with several unknown parameters. This paper 
proposes a new application of the Grasshopper Optimization Algorithm (GOA) 
for parameter extraction of the three-diode PV model of a PV module. Two 
commercial PV modules, Kyocera KC200GT and Solarex MSX-60 PV cells are utilized in examining the GOA-
based PV model. The simulation results are executed under various temperatures and irradiations. The 
proposed PV model is evaluated by comparing its results with the experimental results of these commercial 
PV modules. The efficiency of the GOA-based PV model is tested by making a fair comparison among its 
numerical results and other optimization method-based PV models. With the GOA, a precise three-diode 
PV model shall be established.

DOI:10.3390/en13061398 

PV System Predictive Maintenance: Challenges, Current Approaches, and 
Opportunities
Authors: Lisa B. Bosman, Walter D. Leon-Salas, William Hutzel and Esteban A. Soto 

Abstract: Within the United States solar energy industry, there is a general 
motto of “set it and forget it” with solar energy. This notion is derived from 
much of the research and reliability studies around the photovoltaic (PV) 
panels themselves, not necessarily the PV system as a whole (including the 
inverter and other components). This implies that maintenance and regular 
monitoring is not needed. Yet many things can go wrong to cause the actual 
performance to deviate from the expected performance. If failures and/or 
unanticipated degradation issues go undetected, they will lead to reduced 
energy generation (and associated electricity credits) and/or potential loss of component warranty 
because of manufacturer turnover. Given the size of the problem and gaps with current solutions, 
the authors propose that PV system owners need an unbiased third-party off-the-shelf system-level 
predictive maintenance tool to optimize return-on-investment and minimize time to warranty claim 
in PV installations. This paper reviews the literature highlighting challenges, current approaches, and 
opportunities for PV predictive maintenance. The paper concludes with a call to action for establishing 
a collaborative agenda toward prioritizing PV predictive maintenance.

DOI:10.3390/en13102614 

Cost–Benefit Analysis of a Virtual Power Plant Including Solar PV, Flow Battery, Heat 
Pump, and Demand Management: A Western Australian Case Study
Authors: Behnaz Behi, Ali Baniasadi, Ali Arefi, Arian Gorjy, Philip Jennings and Almantas Pivrikas 

Abstract: Achieving the renewable energy integration target will require the 
extensive engagement of consumers and the private sector in investment 
and operation of renewable-based energy systems. Virtual power plants are 
an efficient way to implement this engagement. In this paper, the detailed 
costs and benefits of implementing a realistic virtual power plant (VPP) 
in Western Australia, comprising 67 dwellings, are calculated. The VPP is 
designed to integrate and coordinate rooftop solar photovoltaic panels (PV), 
vanadium redox flow batteries (VRFB), heat pump hot water systems (HWSs), 
and demand management mechanisms. An 810-kW rooftop solar PV system is designed and located 
using the HelioScope software. The charging and the discharging of a 700-kWh VRFB are scheduled 
for everyday use over a year using an optimization algorithm, to maximize the benefit of it for the 
VPP owners and for the residents. The use of heat pump HWSs provides a unique opportunity for the 
residents to save energy and reduce the total cost of electricity along with demand management on 
some appliances. The cost-and-benefit analysis shows that the cost of energy will be reduced by 24% per 
dwelling in the context of the VPP. Moreover, the internal rate of return for the VPP owner is at least 11% 
with a payback period of about 8.5 years, which is a promising financial outcome.
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