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PERFORMANCE LOSS ANALYSIS OF A GRID-

CONNECTED PHOTOVOLTAIC SYSTEM IN 

CENTRAL INVERTER CONFIGURATION 

USING FTA METHODOLOGY 
 

Abstract: The analysis of causes of lower than expected 

performance of the grid-connected photovoltaic (PV) system 

in central inverter configuration is carried out in this paper, 

by the means of fault tree analysis (FTA) methodology. 

Components of the said system, interconnections, and wide 

range of other aspects were analysed and implemented in the 

created fault tree. 
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1. INTRODUCTION 
 

The Fault Tree Analysis – FTA is one of 

the most basic and widely implemented 

engineering methods in the field of the 

reliability and safety of various technical 

systems [1]. FTA is a deductive technique 

whose first step is determination of the “top 

event”, which is usually described as system 

failure or performance loss. Analy-sis is then 

continued by the determination of possible 

causes, which could lead to the “top event”. 

The basis of the FTA method is represented 

through the transformation process of the 

physical systems and its connections into the 

structural logic diagrams. The analysis of the 

created failure tree can be carried out by the 

usage of the Bules algebra, which can 

determine events that greatly affect the 

operation of the analysed technical system [2]. 

The FTA methodology was invented and 

developed by the H.A.Watson at Bell 

Telephone Laboratories during 1961 and 1962 

for the needs of the U.S. Air force [3]. He 

developed and implemented said method in the 

launch control system of the Minuteman rocket. 

From the mid-sixties to the present day, FTA 

method was widely implemented in numerous 

technical systems in order to improve safety 

and reliability. It proved itself as a powerful 

tool for easier failure diagnostics of the many 

complex technical systems. 

Data obtained using the FTA 

methodology, even in the early stages of the 

design process of the technical system, can be 

quite useful in determination of the possible 

causes of failure. Although this method is based 

on easy to understand techniques, its 

application in the case of the complex technical 

systems is quite difficult. Various software 

packages may, to a certain extent, ease 

implementation of FTA methodology in such 

systems.   

The loss of performance of the grid-

connected photovoltaic (PV) system in the 

central inverter configuration was analyzed in 

the scope of this paper [4, 5]. In order to 

analyse such system, one must completely 

understand its structure and relations of the 

constituent components. One must also have 

wide knowledge in terms of the various factors 

which can significantly impact performance of 

the analysed system. This complex analysis can 

be performed by the usage of the FTA 

methodology which can easily point out the 

most important and necessary factors which 

will lead to the “top event”. 

 

 

2. STRUCTURE OF THE ANALYZED 

PV SYSTEM 
 

As it was earlier mentioned, in the scope 

of this paper grid-connected (PV) system in 

central inverter configuration was analysed. 

The biggest benefit of grid-connected PV 

system is a possibility of selling excess 

electricity to the energy company [5]. These 

systems also have fewer components than 

battery based ones, which leads to the greater 

system efficiency. PV systems can be organized 

in a great number of various configurations. 
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For the household installations, central 

inverter configuration is one of the most 

common ones. Its schematic was represented in 

the Figure 1. PV panels, as the most 

fundamental component of any PV system, are 

in this configuration, organized in separate 

strings as the Figure 1 shows. They are 

connected in series within the string [4]. Sizing 

of the strings in terms of kWp is governed by 

the kWp size of the entire system. PV panels 

for household installations are installed on the 

roof under fixed azimuth and tilt angle. Most 

dominant PV panel technology available on the 

market is polycrystalline silicon (η>15-16%).  

Outputs of individual strings are conne-cted 

with the PV array junction box. This device 

combines inputs in single DC output, which is 

then connected to the inverter. 

Grid-connected inverters are used to 

convert DC current, which is generated by the 

PV panels to the AC current which can be fed 

back to grid or used within the household [4]. 

Efficiencies of these inverters are higher than 

95% [6].  

AC current then goes to the distribution 

panel which distributes electricity to the local 

loads, or to the grid. The net meter is installed 

on the grid branch. It measures electricity fed 

back to grid, and electricity used from the grid. 

These data are used for the electricity bill.  

Within the system, DC, AC and data-

tranfer cables are implemented. Energy losses 

in DC cables are in the range of about 2% [4]. 

Losses in AC cables are negligible. Data-

transfer cables are used only to feed needed 

information to the IT devices. 

Modern PV systems are unimaginable 

without wide range of sensors and IT devices. 

Gathered data is mostly used for the monitoring 

and optimization. Sensors measure irradiation, 

temperature, wind speed, etc. and are installed 

at the PV panel locations [7]. Most crucial data 

are gathered through the inverter.  Data transfer 

is carried through data-transfer cables, which 

are used to feed needed information to the IT 

devices. 

 

 
Figure 1 - Schematic of grid-connected PV system in central inverter configuration 

 

 
3. FAULT TREE ANALYIS OF THE 

ANALYSED SYSTEM 
 

In order to achieve maximum 

performance, PV system downtimes and 

performance losses should be minimized. First 

step towards achieving this goal is 

implementation of modern active monitoring 

systems, which can, in real time, point out to 

the significant performance losses or even 

failures. Even those state of the art systems are 

not able to solve most of the issues, their 

possibilities are still limited on pointing out the 

causes of complex problems. Even though 

professional maintenance determines the cause 

in certain time frame, goal of the maintenance 

company is to minimize the said time frame 

through maintenance documentation. FTA is 

one of the most common methodologies, which 

can determine most causes of failure and 

performance losses. These data could help in 

great extent with the creation of the 

maintenance documentation. 

According to the named facts, failure tree 

of the analysed PV system was created using 

standard symbols, with top event “PV system 

performance is lower than expected” [2, 8]. 

Possible causes for top event are shown in the 

Figure 2.  
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Complete inverter failure event addresses 

only full failure. Lower than expected 

performance can be also understood as failure, 

but thanks to its complexity it was analysed 

separately.  

Improper operation of components doesn't 

directly affect performance, but it can impact 

monitoring devices, sensors, metering devices, 

etc. Incorrect data can confuse user, lead to the 

lower profit, etc. Thanks to the wide range of 

factors and complexity, this event wasn’t 

further analysed. Thanks to the longevity of PV 

system (typically 25 years) roof constru-ction 

replacement is one of the real issues, which can 

significantly impact performan-ce in longer 

time frames (e.g. a year) [4]. 

Junction box failure can lead lower 

performance of the entire system. Although it is 

rather simple component, thanks to the wide 

range of factors, it wasn’t further analysed. 

Problems with PV system location are 

unlikely to happen to the installations which are 

installed by the professional companies, but can 

occur to those installed by untrained amateurs. 

Sometimes positioning can vary from ideal one 

for specified location, because preferred 

practice is that the panels should be parallel to 

the roof [5]. Shadowing is considered in the 

initial phase of PV system installation, but it is 

also worth noting that during the lifetime of the 

PV systems, many new objects can create a 

shadow on the PV panel which will have a 

significant impact on performance. 

Influence of electric grid can be observed 

in the improper values of voltage and current 

parameters of the grid [6]. Islanding effect 

should be also taken into account. Modern 

inverters must be able to identify islanding and 

stop power delivery. 

 

 

 

Figure 2 - Grid-connected PV system in grid configuration schematic 

 

 
Figure 3 - Grid-connected PV system in grid configuration schematic 
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Event “Output inverter parameters are 

lower than expected” is due to its complexity 

represented in Figure 3. 

As it was earlier mentioned, lower than 

expected efficiency of the inverter could be also 

described as a failure. Failure of the Maximum 

Power Point Tracker (MPPT) device will, due 

to its important role, significantly impact 

performance.  MPPT can’t be solely replaced as 

fast as other devices because it is implemented 

within the inverter [4]. These two events 

independently result in high-performance losses 

during longer time periods. 

Improper functioning of the blower fan 

can lead to overheating, throttling or even 

forced shutdown of the inverter [6]. 

Lower than expected input inverter 

parameters could be easily described through 

lower voltage and current values [6]. Since PV 

panels are connected in series, very few factors 

can affect its value, while voltage value could 

have higher variations. 

Dirty PV panels are one of the common 

factors, which could lead to loss of 

performance. Dust and sand particles or snow 

can significantly cover PV cells and result in 

lower power output of single PV panel. In order 

to achieve better performance, PV panels 

should be cleaned quite often. 

Improper PV panel connections during the 

installation process are quite uncommon for 

professional companies but could be viable in 

do it yourself installations. Connecting two 

panels in parallel within a string will yield high 

current value (often significantly higher than 

the inverter maximum allowable input current) 

and lower voltage. 

In order to minimize losses in DC cables, 

thickness of the cables should be properly 

determined [4]. 

Failure of PV panels within the string will 

lead to major performance loss. Since PV panel 

failure is a complex event, it is represented in 

the Figure 4. Failure of the PV panel can be 

described through lower than expected 

efficiency or through com-plete failure (non-

functioning PV panel). 

Through its lifetime, the complete failure 

of PV panel is the rare event [5]. Extreme 

weather conditions in form of the wind gusts, 

hail, etc. could significantly damage PV panel 

and possibly cause complete failure [4]. Solar 

system mounting construction is prone to a 

great number of factors such as high loads, 

corrosion, extreme weather conditions, etc. Its 

failure could lead to the PV panel displacement 

which will often lead to high-impact loads, 

which can cause irreparable damage. 

 

 
 

Figure 4 - PV panel failure event 

 

Greater than expected PV panel 

degradation is a complex event. It was further 

evolved in the Figure 5. Most of events in the 

previous figure are stresses on which PV panels 

are extensively tested before brought to the 

market [4]. PV panels are constantly subjected 

to the influence of thermal loads due to changes 

in temperature during a day. These loads 

shouldn’t be underestimated in a PV panel’s 

lifetime. Excessive mechanical loads address 

primarily static and dynamic loads, which often 

occur due to weather conditions. The most 

common causes of a static load are ice, snow, 

and strong wind. 

Hot spots on PV panels occur mainly due 

to shunts in cells or due to failure of bypass 

diodes [4]. Hot spots can cause high 

temperatures, which can ultimately break 

encapsulant. 

Panels are subjected to the UV light 

testing since that can lead to degradation of the 

encapsulant, which will lower the amount of 

light which reaches PV cells. In abrasive 

environments (e.g. desert), PV panel 

encapsulant during its lifetime can suffer 

abrasive damage, which will reduce the amount 

of light, which reaches PV cells. 

Finally, corrosion shouldn’t be under-

estimated since it can lead to significant 

degradation of the PV panel. It mainly occurs 

due to moisture or salt (salty water is usually 

used for ice removal). Galvanic corrosion 

shouldn’t be also underesti-mated, since it 

mainly occurs at fastening due to inappropriate 

material choice. 

This section can not be concluded without 
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brief analysis of human factor. Thanks to its 

complexity and wide influence, this factor 

wasn’t represented in the failure tree. Design 

flaws, unskilled labour, psychophysical 

properties of the human beings, etc. are just few 

factors, which can impact the whole lifecycle of 

the PV system, and thus its performance.  

 

 
 

Figure 5 - Grid-connected PV system in grid configuration schematic 

 

 

4. CONCLUSION 
 

Thanks to the high public interest for PV 

systems on household levels, it is necessary to 

analyze possible causes of performance loss or 

even failures. Due to a high number of factors 

which can negatively impact performance, it is 

essential to summarize causes. Usage of FTA 

method can help in great extent, in performance 

diagnosis of the analysed system. Within the 

paper, great number of events and aspects of 

the analysed system were presented within the 

failure tree. Most critical components were 

analysed in greater detail. Other than 

performance losses of various components, 

their complete failure causes were also 

analysed. 

Gathered data can help in optimization of 

the current design of the analysed system, 

creation of maintenance documentation, etc. It 

enables faster and easier detection of the root 

cause event which causes PV system 

performance loss.  Reduced time frame needed 

for the solution of the problem, will reduce an 

amount of lost money, and ultimately lead to 

the more satisfied customer. 

 

 

 

REFERENCES 
 

[1] Lazor, J. D. (1995). Failure mode and effects analysis (FMEA) and Fault tree analysis (FTA) 

(Success tree analysis - STA). In Handbook of Reliability Engineering and Management, 

McGraw-Hill, 6.1-6.46. 

[2] Ćatić, D. (2009). Reliability methods of mechanical systems. University book, Faculty of 

Mechanical Engineering in Kragujevac, Kragujevac, 2009. 

[3] Ericson, C. (1999). Fault Tree Analysis – a history, Proceeding of the 17th International System 

Safety Conference, Retrieved from: http://www.fault-tree.net/papers/ericson-fta-history.pdf. 

[4] DelftX-Online Learning Initiative of Delft University, Netherlands: ET3034TUx edx.org course, 

2013 and 2014 course versions. 

[5] Deutsche Gesellschaft für Sonnenenergie (DGS), Planning and Installing Photovoltaic Systems: A 

Guide for Installers, Architects and Engineers (second edition), 2007. 

[6] Technical documentation, catalogues and service documentation of inverters StecaGrid 1800x, 

2300x, 3010x, 3600x i 4200x, company Steca Elektronik GmbH, Germany. 

[7] Technical documentation, catalogues and service documentation of monitoring devices, company 

Solar Log, Germany. 

[8] O'Connor, P., & Kleyner, A. (2012). Practical Reliability Engineering, 5th edition, Wiley. 

 



 

224                                        S. Ilić, M. Delić, J. Glišović, D. Ćatić   

 


