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Abstract. Enel Green Power is an Italian company which realises and manages large photovoltaic (PV) 
plants around the world. The company is involved in a huge number of research projects and one of them 
involves the use of drones for PV inspection in order to guarantee the correct operation of the plants. In this 
paper, the use of drones the maintenance of PV plants is analysed from a technical and economic point of 
view, as function of plant size. First, the use of drones for thermography and visual inspection is briefly 
described, then, on the basis of on-field activities, the technical specifications of drones and the procedure 
for the inspection are defined. The results of a thermal infrared analysis performed on six PV plants are 
analysed. In particular, the failure rates of PV modules are estimated, describing each failure. Finally, an 
economic analysis is performed in order to evaluate the competitiveness of drones for PV inspection 
compared to manual maintenance. 

1 Innovation in the maintenance of 
photovoltaic fields 
Ee Gree Pwer is wrig  ivati ad 
sustaiabiity i severa sectrs I particuar the eergy 
sectr is experiecig a phase f rbtisati i rder t 
icrease the sustaiabiity f prcesses by aig daiy 
peratis cheaper ad faster  

It is fudaeta t iit the perati ad 
aiteace (&) csts f argescae phtvtaic 
(PV) pats (up t severa hudreds f istaed 
egawatts) aitaiig gd prductivity I recet 
decades ivatis such as dres exseets sart 
gasses ceaig ad grass cuttig achies have bee 
itrduced t iprve & activities Dres ca 
perfr tass such as gegraphica appig the 
itrig f cstructi sites ad precisi 
agricuture 12 The exseet is a passive upper
ib techgy that assists the shuder fexi
extesi f peratrs i case f verhead 
aipuatis The use f sart gasses by fied 
peratrs aws cuicati whe PV geeratrs are 
far fr cetra headquarters ad ca receive 
ifrati whie wrig r repairig a faiure Dust 
ad dirt ca draaticay reduce PV due pwer 
utput 34 thus ceaig is a fudaeta 
aiteace perati bviusy aua ceaig is 
t expesive i the case f utiegawatt pats ad 
thus autated sutis such as rbts reduce ceaig 
tie ad the use f water Ceaig is geeray 
perfred usig rtatig brushes that are prgraabe 
i ters f rtatia speed ad the weight f the rbt 
is reduced i rder t avid highy ccetrated ads 
 the PV dues Ccetrated ads such as thse 
ivved i waig  the dues 5 ca cause 

icrcracs ad cracs i the ces with upredictabe 
reductis i prducti  

Ather aiteace tas ivves reducig the 
shadws that activate the bypass dides f the PV 
dues The uber f prductive PV ces decreases 
ad the axiu pwer pit tracer (PPT) iside the 
DCAC cverter ay t be abe t wr prpery 
67 I freestadig pats it is ecessary t 
peridicay cut the grass t avid shadws  the 
btt dues arge PV pats are usuay cated i 
rete es  ueve terrai ad seties with 
se spe A pssibe suti is the use f rete
ctred rbts which cut the grass uder the 
supervisi f a peratr A re advaced suti is 
the use f autatic devices they erise the pathway 
ad ca repeat it withut a supervisr bviusy they 
have t be equipped with hardware ad sftware t avid 
exceptia bstaces ad safeguard pepe theseves 
ad ther assets 

I the preset paper prpery seected dres are 
used t ap argescae PV pats ad chec fr pssibe 
defects r htspts by perfrig visua ispecti ad 
thera ifrared aaysis The ecic effectiveess f 
these devices at the ed f the pat ifetie is evauated 
as a fucti f the rated pwer f PV array 

2 Innovation in the maintenance of 
photovoltaic fields 
Accrdig t fight architecture there are tw types f 
uaed aircraft syste (UAS) rtrbased ad fixed
wig The first type f dre is sa ight ad easy t 
ctr whie the secd devices are faster ca reach 
higher atitudes ad carry heavy ads  



2

E3S Web of Conferences 119, 00021 (2019) https://doi.org/10.1051/e3sconf/201911900021
Science and the Future 2

 

Dres ca currety perfr a variety f PVreated 
tass They are geeray equipped with caeras fr the 
visua ispecti f dues it is pssibe t rapidy 
chec the presece f dues with visibe defects (eg 
dues with bre frtgass) Dres ca as be 
equipped with thera ifrared caeras Thera 
caeras 89 are used t chec the presece f 
abra teperatures i dues (ht spts) geeray 
due t cracs i the sar ces r ther types f defects 
The test is perfred durig the perati f the pats 
aiy arud  whe the teperature f the PV 
dues is the highest These caeras are as used t 
chec the presece f dagerus teperatures i ther 
cpets such as strig bxes cabes ad cverters 
Sice 2018 dres have as bee equipped with ear
ifrared caeras which are used t perfr 
eectruiescece tests 10 I this case the device 
prvides a high quaity iage f the defects ad 
ifrati reated t their causes Figure 1 shws a 
exape f a dre perfrig a visua ispecti f a 
PV pat 

Aayses f visua ad thera ifrared iages are 
perfred after the ispecti usig apprpriate patter 
recgiti agriths 11 I the future dres wi 
perfr data aaysis thrugh patter recgiti ad 
chage detecti Predictive ethds wi be used t 
itr the prductivity f PV pats ptiisig 
strategic & respses 12 

The ai advatages f these devices with respect t 
traditia appraches are the fwig  
• Efficiet fast ad iexpesive ispecti f arge

scae PV pats 
• Safety ad icreased accessibiity t sites that are 

difficut t reach r with safety riss fr huas 
eg rftps 

• Fexibe dispatch thas t their w cst 
• arger types f data cecti at a faster rate  
• Higher accuracy f easureets fr rftp ad 

grud assessets 

 

Fig 1 Dre fyig ver a PV pat 

3 Management of the inspections 
The first ipeetati f dres fr visua ispectis 
ad thergraphy aaysis was i Ee Gree Pwer 
rth Aerica This PV pat with a ratig pwer f 
179 W has bee ispected with dres aaysig abut 
8 Wh 

3.1 Choice of hardware and software 

Dres fr the ispecti f PV pats d t require 
high techica specificatis because they fy  a 2D 
pathway ever exceedig a height f 150  Fr this 
reas their assciated csts are iited 
The seecti f a adequate dre fr PV appicati 
ivves severa aspects A ar issue ccerig 
dres is their w fight tie The batteries istaed 
have iited capacity ad their repaceet ay be 
required durig the ispecti f a pat causig deays 
ay dres brea because they fa dw withut 
warig if the batteries are discharged ad this is a 
ptetia ris fr pit safety The weight f the dre 
cat be wer tha the weight f the caera it has t 
withstad gusts f wid f at east 8 s ad 
cpatibiity with severa types f caera has t be 
tae it accut 
A uique caera with thera ad RGB spectru r tw 
caeras e fr thera iages detecti ad e fr 
visua ispecti have t be seected fr PV ispectis 
The first suti is preferred i rder t iit the weight 
 the dre ad thus aw greater battery ife 
It is as iprtat t csider the fwig aspects 
• Avaiabiity f iage etadata such as GPS 

cati reative atitude giba attitude ad 
tiestap 

• Resuti f 640x480 dpi r higher 
• Stabiised giba t eep the caera i a stabe 

psiti despite dre veets 
• Hrita fied f view i rder t capture the 

axiu area i the iages 

3.2 Flight directives 

I this wr visua ispectis ad thera ifrared 
aaysis f PV pats wi be carried ut by Ee Gree 
Pwer peratrs i fieds The peratr wi verify the 
fwig cditis fr the iitia prefight phase  
• Wid at a axiu speed f 15 ph (67 s) 
• Cear r sighty vercast sy with irradiace  600 

W2 
• Reative huidity RH  60% 
• existet r w due siig 
• The pit wi fw the guideies bew fr the 

fight pa 
• The fight budary ie wi icude a exteded 

area beyd the edges f the sar far 
• The fight path wi be parae t the rws f the 

sar far 
• The fight eevati wi be csistety abve 

grud eve Terrai with sigificat eevati 
chages ay require utipe fights adr 
advaced grud ctr sftware with terrai 
fwig capabiities 

• The giba pitch wi perit deviatis up t 20 t 
avid gare 

• Iage capture wi be autatic with a shutter 
iterva set t 2 s  

• The fight speed wi t exceed 25 s 
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• The frt verap wi be 80% i the directi f 
fight 

• The side verap wi be 20% ver each pass 
• The iage etadata wi ctai GPS cati 

reative atitude giba attitude tiestap 
• There wi be a cstat caera headig durig the 

ispecti despite UAS rietati 
• The iages wi be saved  a high speed ery 

card with a UHS3 ratig 
• After the fight the fwig ast prescriptis are 

ecessary 
• site quaity chec f the etire dataset 
• Refy sectis f parts f the pat if se data is 

issig 

4 Photovoltaic modules failures 
The cuuative istaed PV capacity rapidy grew i the 
ast decade icreasig fr ≈ 92 GW i 2007 t ≈ 480 
GW i 2019 13 As a csequece checig the 
presece f defects  the etire prducti vue is 
very g ad expesive therefre a restricted uber 
f PV dues is usuay subect t a aua 
idetificati f defects rever the thicess f 
wafers fr crystaie siic PV ces decreased fr 
≈0304  t ≈02  14 i rder t reduce the 
wastage f siic ad the aufacturig csts 
Hwever if the wafer is t sa defects such as cracs 
ad icrcracs ca appear Fr these reass the 
aiteace f PV arrays is fudaeta i rder t 
detect with fast respse defective subarrays ad iit 
the ss f prducti 

The resuts f experieta wr are aaysed i 
rder t defie the type f defects that ca be detected by 
thergraphy ad visua ispecti The faiures 
detected by dres are cected i six thergraphic 
reprts fr pats i rth ad Suth Aerica The 
average uber f daaged dues is ess tha 2% 
The faiures are divided it three ai categries  
• Ce faiure i ay cases the faiure f a ce 

causes a ht spt If the teperature icrease is high 
the etire due ust be repaced There are ay 
ther faiures that ca ccur durig the first years f 
ife aiy due t pr quaity aufacturig 
prcesses 15) ther pheea such as ptetia 
iduced degradati (PID) verheatig f dides i 
the ucti bxes ad deaiati ca ccur 
durig the ife f the pat 161718  

• Prtecti syste issues this faiure categry 
icudes cases i which etire strigs ad arrays are 
ffie I this case there is  daage t the 
dues but wires r prtective equipet (aiy 
fuses) are daaged  

• Activated bypass dide ad siig the activati f 
the bypass dide ca be a csequece f sig r 
shadig I this case the prducti f the ces 
prtected by the dide is st (geeray PV 
dues are equipped with three r fur dides) 
Prducti ca as be reduced due t the icrrect 
perati f the PPT 19 I this case prducti 

is recvered by ceaig the due r the reva 
f the shadwig bstace 

29%

62%

9%

MODULE FAULTS
module thermal anomalies protection systtem issues
activated bypass diode

 
Fig 2 Frequecy fr the three categries f faiure 

Figure 2 shws the prprtis f the tta uber f 
faiures i the abve categries The st frequet issue 
is the faiure f wires r prtective equipet  I this 
case the tta prducti f the part f the pat affected 
by the faiure is st but the faiure is cheap t repair (it 
des t require due substituti) The ther faiures 
cprise 40% f the tta ad i the case f thera 
aaies the repaceet f dues is required 

Visua ad thera ispecti perits the detecti 
f faiures but fr st f the faiures there is  
crreati betwee the defect ad the pwer ss I 
rder t cacuate pwer sses a deteriati f its 
curretvtage (IV) characteristic curve by dyaic 
ethds is ecessary 20 This ca be perfred with 
adequate ad caibrated easureet systes 21 
usig capacitive r eectric ads Thas t the 
capacitive ad 22 a sca f the etire IV curve ca be 
easiy perfred at due strig ad array eve up t 
severa hudred iwatts I ccusi the 
cpeetary executi f the IV characterisati f 
PV geeratrs ad the thera ispecti perits defects 
t be caised ad sses t be quatified 

5 Economic analysis 
The et preset vaue (PV) is used i budgetig ad 

ivestet paig t aayse the prfitabiity f a 
ivestet r prect Fr exape it ca be used t 
quatify the csteffectiveess f the istaati f a 
ew PV pat 23 r the repaceet f defective 
dues i existig pats 24 I this paper the PV is 
used t quatify the csteffectiveess f the use f 
dres fr thera ispecti cpared t aua 
thergraphy This prcedure is repeated fr differet 
sies f PV pats The frua f the PV is the 
fwig 

              (1) 
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where t is the uber f years Ct is the cash fw 
(psitive fr reveue r egative fr csts) at tth year ad 
r is the iterest rate f the ivestet (i this case it is 
assued equa t 8%) 

First the csts have bee partitied it CAPita 
EXpediture (CAPEX) ad Peratig EXpese (PEX) 
CAPEX is the cst f devepig r prvidig durabe 
assets fr the prduct r syste ad PEX is the cst 
ecessary t aage a prduct a busiess r a syste 
I this study CAPEX ivves tw csts 
• Dre batteries ad caera purchase cst  
• Traiig Ee Gree Pwer peratrs t bece 

dre pits 
PEX are variabe csts depedig  the pat sie 

I particuar they ivve the fwig ctributis   
• Fixed aiteace csts fr hardware  
• Fixed cst fr dre repaceet every five years 
• Csts ccerig survey ad the iage aaysis 
• aiteace pat cst (aiy due repaceet 

ad eectrica daage repair ad ther crrective 
actis fr PV pat)  

The ecic beefits were ivestigated via tw 
ters  
• PEX reducti passig fr aua t 

autatised ispecti that depeds  pat sie 
• Beefit due t higher prducti Usig dres it is 

pssibe t perfr tw ispectis per year istead 
f e ad the average tie that the daaged 
dues sped i the fied is haved 

PV pat ifetie is estiated at abut 25 years ad 
s the PV after 25 years has bee cacuated as a 
fucti f pat sie The PV icreases after 25 years 
with arger pat sie (Fig 3) the arger the fied the 
higher the gai Dres are csteffective sutis fr 
ispectis i PV pats with a pwer ratig greater tha 
50 W (gree cus) but aua ethds are 
preferred fr saer pats (red cus) I this wr 
the ifetie f the dres is suppsed t be five years 
therefre after that tie iterva they have t be 
repaced with ew es 
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Fig 3 PV after 25 years fr pats f differet sies 

The Pay Bac Tie (PBT) is the uber f years 
after which a ecic ivestet is cpetey 
baaced by the cuuative ices It is psitive fr PV 
systes with rated pwer greater tha 50 W ad i 
Fig 4 the PBTs due t the utiiati f dres fr 

aiteace tass are reprted fr these pwer ratigs 
The PBT decreases with higher PV rated pwer ad few 
ths are sufficiet t have a psitive retur fr the 
ivestet with severa hudreds f W istaed 
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Fig 4 PBTs due t the adpti f dres fr pats with sie 
greater tha 50 W 

6 Conclusions 
Future dres wi verce their curret iits further 
iprvig rbtisati i PVreated tass The curret 
versi wi be further deveped ad this dre ca fy 
withut hua ctr because it fws a path iserted 
i its ery ad ca be set ff retey rever it 
is abe t recharge itsef thas t its patfr ad it is 
pssibe t retey activate deactivate ad eve 
destry it It ca be used fr utipe appicatis fr 
exape fr surveiace purpses whe see 
crsses the perieter f the fied it raises the aar ad 
fies t the pit f viati fiig the itruder 
bviusy the st iterestig use f this dre is data 
capture if the cpay has its w sftware fr the 
aaysis f RGB ad ifrared iages the dre ca fy 
ad tae pictures ce a wee r ce a day Iages 
cected at shrt tie itervas are usefu fr 
uderstadig hw the pat degrades based  ciate 
years f perati ad techgy ipeeted Data 
ad artificia iteigece are the ies f techgica 
research used t autate the predictive aiteace f 
arge PV pats 
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