
Dataquality

ωThemost important datarelatedissuestook placein March-April

Energylossanalysis

ωProducedenergy: 12586MWh Lostenergy: 2100MWh (14.30%)

Inverter & solarfield analysis

ωMost alarmsat InverterG,whichwasthe worst performinginverter
Scope

ÅDevelopmentof a Decision Support Systems(DSS)for PV assets
diagnosisandmaintenance

Approach

ÅModularizedarchitecturefor autonomousoperation
ÅStatistical, machine learning (ML) and artificial intelligence (AI)

algorithmsfor data cleansing(Module 1), outliers' analysis(Module
2), PVsystemmodelingand problem detection (Module 3), energy
lossanalysisandplant status(Module4)

ÅCloud-basedsolution that providesrecommendationsof actionable
decisionsto resolvedetectedunderperformanceissues
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ωA key enablingfactor for the future uptake of the photovoltaic (PV)
technologicalvalue chain is the reduction of the levelized cost of
electricity (LCoE)

ωThis can be achievedby improving lifetime PV performance and
reducingoperation andmaintenance(O&M) costs

Cloud-based decision support system for operation and 
maintenance in photovoltaic systems

INTRODUCTION

SOLUTION
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One intelligent cloud for PV Assets 
Diagnosis and Maintenance

ωA cloud-based DSSplatform for O&M cost reduction and revenue
optimizationwasdevelopedin this work

ωIt incorporatesautomated functions for data quality, problem and
fault detection,energylossanalysisandplant status

ωTheDSSprovidesO&M recommendationsfor improvedPVproduction

Problemstatement

ÅPerformancelossesand failures can occur during the operational
lifetime of PVsystemsdueto different factors

ÅSuch faults decreasethe output power of the system and also
degradethe PVmoduleproperties

ÅTheaveragerecoverableenergyof a PVplant is5.27%[1]

ÅRecoverableincomefor a typical16.1MW plant isϵ160000/year [1]

Motivation

ÅEarlydetectionof faultsandperformanceproblems

ÅQuantificationof energylosses

ÅSuggestionof field actionsandoptimizationof O&M activities

BACKGROUND& OBJECTIVE
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CONCLUSIONS

ωHistoricalfield measurementsover a 1-year period
(January2021 - December2021) from a 10 MWp

test PVplant installedin the Mediterraneanregion

BENCHMARKING

RESULTS

ωListof O&M recommendationsfor resolvingthe detectedincidents

ωApproximately 7% of lost energyproduction could be recoveredby
performingcorrectiveactions[1]

NominalPower: 10.09MWp
Inverters: 9 x 1000kW +1 x 630kW
PVmodules: 36064x 260Wp +2280x 315Wp
Stringboxes: 68

Specific problem identification

Performance analysis

Incident analysis

Data quality analysis

Faulty sensor analysis

Pattern analysis

Outliersanalysis

Energy losses breakdown

Plant status dashboard 

Recommendation engine

4. Energy Loss Analysis & Plant Status

2. Out-of-normality Analysis1. Data Quality Analysis

3. Inverter & Solar Field Analysis

Energy balance for 2021

Group Location Type of losses Losses (MWh) Percentage

Total theoretical energy 14686 100%

Produced Energy 12586 85.70%

Nominal losses
Inverter Inverter efficiency 167 1.14%

Solar field Panel degradation 313 2.13%

Underperformance 
losses 

Inverter Other performance inverter 147 1.00%

Solar field

Performance below best 
behaviour

0.4 0%

Other performance solar field 1226 8.34%

Incidences

Inverter

Shutdowns 6.5 0.05%

Manual stop 0 0%

Overheating 0.5 0%

Curtailment temperatura 0 0%

Solar field

Stringbox disconnections 0 0%

String disconnections 238 1.62%

Soiling 0 0%

Tracker blocking 0 0%

Manual stop

Produced energy

Other solar field losses

Panel degradation

Disconnected String

Inverter efficiency

Other inverter losses

Inverter shutdown

Overheating shutdown

Performance below 
best behaviour 

Soiling

Tracker blocking

Disconnected Stringbox

FMECA approach 
Criticality = Severity (S) x Occurrence (O) x Detection (D)

FMECA = Failure Mode Effectsand Criticality Analysis 

Specific ways in which 
failures could occur 

Quantifying the level of risks associated 
with identified failure modes 

Studying the impact of identified 
failure modes on the whole system 
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Inverter

Global

Check subsystem Strings due to String Shutdown in Stringbox E_CB6 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox D_CB2 (WARNING)

Check subsystem Strings due toString Shutdown in Stringbox I_CB4 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox F_CB2 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox J_CB1 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox G_CB5 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox D_CB4 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox E_CB6 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox K_CB4 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox K_CB1 (WARNING)

Check subsystem Strings due to String Shutdown in Stringbox J_CB3 (WARNING)

Check subsystem Inverter due to Inverter Shutdown (WARNING)

Check Inverter due to deterioration between 2.3% and 3%
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Inverter Solved

hϧa YtLǎ Ґ ό!ϊtwύ Ҍ ό.ϊ!Ǿŀƛƭŀōƛƭƛǘȅ) + (/ϊtŀǎǘLosses/Prediction)

+ (ʅPerformance ParameterxϊYtLx)

B                                  109.69

E                                   109.68

D                                   109.64

C                                   109.63

F                                    101.19

K 101.17

I 101.17

H 101.10

J 101.08

G   72.41

Total 1,016.75
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G H K D J I F E C B

H

B C D E F G H I J K

Inverter  

Produced energy Other solar field losses Disconnected String Other inverter losses Overheating shutdown Inverter shutdown Manual stop
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Good quality: 93.08% 
Null values: 4.04% 
Constantor out of 
range values:2.88%

85,7%

8,3%


