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Photovoltaic (PV) system malfunctions and faults impair energy system reliability and 
cause output efficiency to lower, which consequently lowers the return of the 
investment (ROI) and delays investment payback times. The detrimental effect of these 
malfunctions can be avoided, or at list limited, by implementing the solution object of 
this proposal. 
Indeed, the aim of this project is to devise a novel, holistic monitoring and control 
(HoMeriC) system for the detection, diagnosis and tolerance of faults and malfunctions 
affecting either the PV cells or the peripheral electronics in charge of power conversion 
and control. By monitoring the PV system, the developed HoMeriC system will be able 
to identify drifts or sudden changes in the expected behaviour and raise an alert signal 
with the goal of triggering proper maintenance actions with the aim to restore correct 
functionality, with minimal or no impact on the efficiency of the system. The innovative 
approach that will be devised during the project will also be able to prevent the 
occurrence of catastrophic faults thus minimizing system outage. 

 
II. Clear aim and hypothesis 

Interest in photovoltaic power generation has increased in recent years thanks to its 
inexhaustible and clean of all renewable energy resources. This wide distribution of 
photovoltaic panel production, however, has not been followed by a similar 
development in the monitoring, fault detection, diagnosis and tolerance functions and 
methods to ensure better efficiency and profitability. Nevertheless, due to the high 
economic investment that they usually involve, PV systems’ reliability is becoming of 
concern. 
 
The project aims to devise a novel holistic methodology consisting in the design of 
new monitoring circuits, advanced diagnosis algorithms and proactive and reactive 
actions to guarantee that PV systems keep on operating effectively and efficiently 
also in presence of faults and malfunctions of their components, thus guaranteeing 
continuous reliability, high energy efficiency and adequate investment profitability. 

 
III. Methodology and innovations 

Recent studies have shown that faults and malfunctions affecting both the PV modules 
and peripheral electronics in charge of power conversion and control can impair the 
efficiency of such green energy generation systems, if not lead to catastrophic effects for 
their functionality. However, research aiming to develop solutions to tackle these issues 
is still in its very early stage. In order to fill this gap in research and technology, the 
proposed project targets the development of innovative and low cost (in terms of area 
and power consumption) real-time monitoring techniques to detect possible faults and 
malfunctions affecting the whole PV system. Then, an advanced diagnosis system (based 
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on machine learning) will capitalise on the data provided by the monitoring system in 
order to identify the root causes of possible malfunctions. The output of this stage will 
drive the new devised fault-tolerant actuation system, which will be in charge to react 
upon the detection of a malfunction, for instance bypassing the faulty modules or 
circuitry, and using small spares to guarantee the system functionality until a 
maintenance operation is carried out. This set of actions will allow preventing the 
occurrence of a catastrophic fault and restoring the proper functionality of the PV 
system, minimizing the impact on relibility and efficiency. The innovative, holistic 
approach will represent a plug & play solution that will further boost the use of PV 
system as source of green energy. 

 
IV. Strategic relevance 

The use of renewable energy is being driven by the need to reduce the high 
environmental impact of fossil-based energy systems. This project is perfectly in line 
with the principles set by the UK 
Government in their UK Solar PV Strategy aiming to unsure that “solar PV has a role 
alongside other energy generation technologies in delivering carbon reductions, energy 
security and affordability for consumers.” Indeed, the aim of the project is to develop 
circuits and methods to improve energy efficiency and reliability of the current state-of-
the art PV technology. The outcomes of the proposed project will lead to a considerable 
breakthrough in terms of PV technology and competitive advantage for investment 
profitability. 

 
V. Interdisciplinarity and fit with relevant DTA programme 

The project is inherently interdisciplinary, since it involves concepts and methods from 
electrical and electronic technology and innovative machine learning approaches. The 
complementarity within the supervisory team guarantees that all the aspects addressed 
by the project will benefit by their expertise. Moreover, the project fits within the DTA 
program identified for our School, tackling issues related to the improvement of the 
efficiency of green energy generation systems. 
 
 
 
 
 
 

Lay summary (max 200 words) to be used for reference as part of the selection process 
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where non- specialists are involved 
Interest in photovoltaic power generation has increased in recent years thanks to its 
inexhaustible and clean energy resources. However, advances in design solutions to guarantee 
their reliability and efficiency have not followed a similar development. The project proposes a 
novel holist methodology consisting in the design of new monitoring circuits, advanced 
diagnosis algorithms and proactive and reactive actions to guarantee that PV systems keep on 
operating effectively and efficiently also in presence of faults and malfunctions of their 
components, thus guaranteeing continuous reliability, high-energy efficiency and adequate 
investment profitability. 
 
The innovative, holistic approach will represent a plug & play solution that will further boost 
the use of PV system as a reliable and efficient source of green energy, tackling effectively the 
impact of fossil-based energy system. Moreover, the project may lead to a considerable 
breakthrough in terms of PV technology and competitive advantage for investment 
profitability. 
 
Industrial/Employer placement opportunity please include details, where known, of any 
external 
placement opportunities or collaborations available to the student as part of the 
project 
The supervisory team has ongoing contacts with BRE (Building Research Establishment), which 
we expect will be interested in supporting the project and offer the student placement or 
other opportunities for collaboration. 
International placement opportunity please include details, where known, of any 
potential international placement opportunities or collaborations available to the 
student as part of the project 
University of Bologna, Bologna, Italy 
Politecnico di Milano, Milan, Italy 
Scientific, economic and societal impact of the project 
Scientific Impact 
The project outcomes will represent an innovative technology for improved reliability and 
efficiency in PV systems. Moreover, the devised holistic approach has the potential to be 
proficiently adapted also to other energy generation systems in order to improve their 
reliability and efficiency. 
Finally, the research work will lead to publications in important journal papers and impactful case 
study for REF. 

 
 
Economic impact 



 

 

DTA3  
 

DTA3 Programme Research Projects 
Proforma 

 

 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

The developed technologies for more reliable and efficient PV systems will benefited 
investors, with an increase in their investment profitability. Moreover, the outcome of the 
project will help reduce the probability to have power outage, thus avoiding the 
consequent economic losses for businesses and 
families. 
 
The subject of the project fits well with UK Government strategy, contributing to the 
achievement of a “clean energy mix for the UK”, as reported in the UK Solar PV Strategy 
document: https://www.gov.uk/government/publications/uk-solar-pv-strategy-part-1-
roadmap-to-a-brighter-future 

 
Social impacts 
With the decrease of the fossil energy reserves in the world, renewable PV energy has the 
potential to be a viable alternative for energy provision both in an urban environment and in 
more remote areas. Improving PV systems reliability and efficiency entails clear beneficial 
effects for both energy providers (improved return on investment) and users (better service). 
Nevertheless, the main social impact is represented by the contribution in pollution reduction 
and the consequent improvement in quality of life. 
 
 
 
Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, 
relevant skills, experience etc 

- First class, Upper Second Class (2.1) (or its overseas equivalent) or Master qualification 
in Electrical, Electronic or Control Systems Engineering or equivalent subject area. 

- Have a strong background in research methods both quantitative and qualitative. 
- Have strong academic performance in analogue, digital and power electronics, good 

knowledge of machine learning techniques, and good knowledge of Matlab/Simulink, 
C/C++ programming. 

- Demonstrate an ability and interest in collaborating with non-academic partners and 
individuals. 
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