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DOCUMENTATION  AND MAINTENANCE –  
 

Part 3:  Photovol taic  modules  and  plants  –  
Outdoor infrared  thermography 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provide  any attestati on  of conform i ty.  I ndependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  i s  d rawn  to  the  possib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  sub ject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support  cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject  i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the 
fu ture  bu t no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  three  years  of publ ication  to  decide 
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC TS  62446-3,  wh ich  is  a  techn ica l  speci fication ,  has  been  prepared  by I EC techn ical  
committee  82 :  Solar photovol ta ic  energy systems.  
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The  text of th is  techn ica l  speci fication  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/1 1 88/DTS  82/1 242A/RVDTS  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  in  
the  report  on  voting  i nd icated  i n  the  above  tab le.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

A l i st of a l l  parts  i n  the  I EC  62446  series,  publ ished  under the  general  t i t l e  Photovoltaic (PV)  
systems – Requirements for testing,  documentation and maintenance ,  can  be  found  on  the  
I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•   transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour printer.  
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PHOTOVOLTAIC  (PV)  SYSTEMS –  
REQUIREMENTS FOR TESTING,   

DOCUMENTATION  AND MAINTENANCE –  
 

Part 3:  Photovol taic  modules  and  plants  –  
Outdoor infrared  thermography 

 
 
 

1  Scope  

This  part of I EC 62446  defines  outdoor thermograph ic ( i n frared)  i nspection  of PV modu les  
and  p lan ts  i n  operation .  The  inspection  can  i nclude  cables,  contacts ,  fuses,  swi tches,  
i nverters,  and  batteries .  Th is  i nspection  supports  the  preventive  maintenance for fi re  
protection ,  the  avai lab i l i ty of the  system  for power production ,  and  the  i nspection  of the  
qual i ty of the  PV modu les.  I ncl uded  in  th is  document are  the  requ i rements  for the  
measurement equ ipment,  ambient cond i ti ons,  i nspection  procedure,  i nspection  report,  
personnel  qua l i fication  and  a  matrix for thermal  abnormal i ti es  as  a  gu idel ine  for the  
i nspection .  

Th is  document defines  outdoor thermography on  photovol ta ic (PV)  modu les  and  Balance-of-
system  (BOS)  components  of PV power p lants  i n  operation ,  us ing  passive  techn iques  
(standard  system  operating  cond i tions  under natu ral  sun l igh t,  wi thout any external  power or 
i rrad iation  sources).  I EC  60904-1 2-1  covers  general  methods  for l aboratory or production -l i ne  
PV modu le  thermograph ic imag ing  bu t not the  speci fic detai l s  that are  most re levan t to  
ou tdoor imag ing  of operational  power plan ts  includ ing  BOS componen ts.  

Two  d i fferent l evels  of i nspections  are  currentl y u sed :  

a)  A s impl i fied  thermograph ic inspection .  Th is  i s  a  l im i ted  i nspection  to  veri fy that the  PV 
modu les  and  BOS  components  are  function ing ,  wi th  reduced  requ i rements  for the  
qual i fication  of personnel .  For example,  during  a  basic commission ing  of a  PV p lan t.  
Authori tati ve  conclusions  regard ing  modu le  qual i ty are  not possible  wi th  th is  i nspection ,  
and  examples  of abnormal i ties  are  provided  to  a i d  the  i nspector.  

b)  A deta i l ed  thermograph ic i nspection  and  anal ys is .  Th is  may i nclude  thermal  s ignatures  
wh ich  d i ffer from  the  examples  provided ,  and  therefore  requ i res  a  deeper understand ing  of 
the  thermal  abnormal i ti es.  For example,  i t  may be  used  for period ic i nspections  accord ing  
to  the  I EC  62446  series  and  for trouble-shooting  the  cause  of underperform ing  systems.  
Absolu te  temperatu re  measurements  may be  made.  An  authorized  expert i n  PV p lan ts,  
together wi th  thermography experts  can  perform  the  inspection .  

2  Normative references  

The  fol lowing  documents  are  referred  to  in  the  text i n  such  a  way that some or a l l  of the ir 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60050-1 31 ,  International Electrotechnical Vocabulary – Part 131 : Circuit theory  

I EC  6021 6-2,  Electrical insulating materials – Thermal endurance properties – Part 2:  
Determination of thermal endurance properties of electrical insulating materials  – Choice of 
test criteria  

I EC  6021 6-5,  Electrical insulating materials – Thermal endurance properties – Part 5:  
Determination of relative thermal endurance index (RTE)  of an  insulating material  



I EC TS  62446-3: 201 7  © I EC  201 7  – 7  –  

I EC 60269-1 ,  Low-voltage fuses – Part 1 :  General requirements  

I EC 61 095,  Electromechanical contactors for household and similar purposes  

I EC  61 21 5-1 ,  Terrestrial photovoltaic (PV)  modules – Design qualification and type approval – 
Part 1 :  Test requirements  

I EC  61 439-1 ,  Low-voltage switchgear and controlgear assemblies – Part 1 :  General rules  

I EC  61 724-1 ,  Photovoltaic system performance – Part 1 :  Monitoring  

IEC 61 730-1 ,  Photovoltaic (PV)  module safety qualification –Part 1 :  Requirements for 
construction  

I EC  61 730-2,  Photovoltaic (PV)  module  safety qualification –Part 1 :  Requirements for testing  

I EC  TS  61 836,  Solar photovoltaic energy systems – Terms,  definitions and symbols  

I EC 621 09-1 ,  Safety of power converters for use in  photovoltaic power systems – Part 1 :  
General requirements  

I EC  62446-1 ,  Photovoltaic (PV)  systems – Requirements for testing,  documentation and 
maintenance – Part 1 :  Grid connected systems – Documentation,  commissioning tests and 
inspection  

IEC 62446-2: –,  Photovoltaic (PV)  systems – Requirements for testing,  documentation and 
maintenance – Part 2: Grid connected photovoltaic (PV)  systems – Maintenance of PV 
systems 1  

I EC 62930: –,  Electric cables for photovoltaic systems with  a  voltage rating of 1 , 5 kV d. c. 1  

I SO  9488,  Solar energy – Vocabulary 

I SO  971 2,  Non-destructive testing — Qualification and certification  of NDT Personnel  

VATh-  D irective,  Electrical Infrared Inspections – Low Voltage.  Planning,  execution and 
documentation of infrared surveys on electrical systems and components ≤1kV 

(h ttp: //www.vath . de/docs/richtl in ien/VATh-Rich tl i n i e_Elektro_NS+PV_eng l_web. pdf)  

EN  1 671 4-3,  Non-destructive testing – Thermographic testing of electric installations  

EN  501 1 0-1 ,  Operation  of electrical installations – Part 1 :  General requirements  

DGUV BGV/GUV-V A3  E,  Accident prevention regulations,  Electrical installations and 
equipment 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i tions  g iven  i n  I EC TS  61 836,  
I SO 9488,  I EC 60050-1 31  and  the  fol lowing  appl y.  

___________ 

1   To  be  publ i shed .  

http://www.vath.de/docs/richtlinien/VATh-Richtlinie_Elektro_NS+PV_engl_web.pdf
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ISO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC E lectroped ia:  avai lable  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1   
abnormal  thermal  behavior 
thermal  s ignature  of an  e lemen t that cannot be  expla ined  by i ts  operati ng  cond i tion  or i ts  
techn ical  des ign ,  e . g .  posi ti on  of l oad  res istors  

[SOURCE: IEC  60050-903: 201 3,  Amendment 1 : 201 4 ,  903-01 -22 ;  mod i fied :  adapted  to  thermal  
behavior]  

3.2   
reflected  temperature  
T
refl
 

mean  apparent temperature  of the  ambien t that i s  reflected  by the  object towards  the  IR-
camera  

Note  1  to  en try:  Measured  i n  Cel s i us  (°C).  

Note  2  to  en try:  Some manufactures  of I R cameras  use  the  term :  ambien t temperature.  

3.3   
atmospheric  ai r temperature  
defined  i n  Cels ius  (°C)  for the  geograph ic i nsta l lation  l ocation  as  measured  and  documented  
by meteorolog ical  services  for th is  geograph ic  l ocation  

3.4   
Beaufort  (scale)  
Bft  
quanti fi es  wind  speed  by phenomenolog ical  cri teria,  e . g .  movement of branches  and  trees  

SEE:  Annex E .  

3.5   
cloud  coverage  
for the  i nspection  two types  of clouds  are  to  d i ffer:  Cumulus  and  Ci rrus .  The  cloud  coverage 
shou ld  be  g iven  i n  okta  (part of e ight of cloud  coverage)  

SEE:  I SO  1 5469:2004[1 8] 2.  

3.6   
emissivi ty of the  object   

ε  
ratio  of the  thermal  rad iation  that i s  em i tted  by the  su rface  of an  object compared  to  a  b lack 
body rad iator both  at  the  same temperature  

3.7   
Instantaneous  Field  of View 
IFOV 

fie l d  of view of one  p ixel  of an  I R-camera-lens  combination  

Note  1  to  en try:  Measured  i n  m i l l i rad ian  (mrad ).  

___________ 

2  Numbers  i n  square  brackets  refer to  the  B i bl i ography.  

http://www.electropedia.org/
http://www.iso.org/obp
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3.8   
Noise Equ ivalent Temperature Difference  
NETD  

smal lest temperature  d i fference detectable  by an  IR-camera  

Note  1  to  en try:  Measured  i n  m i l l i kel vi n  (mK).  

3.9   
thermal  steady state  condi tions  

usable  measurement cond i ti ons,  wh ich  show stable  temperatures  and  temperature  d i fferences  

4 Requirements  of inspection  equipment 

4. 1  General  

This  cl ause  s tates  the  m in imum  requ i rements  for equ ipment used  for thermograph ic ( i n frared)  
i nspection  wi th in  the  scope  of th is  document.  I t  i ncl udes  requ irements  for the  i n frared  ( IR)  
camera,  the  photo  camera  and  equ ipment to  record  ambient cond i tions.  

Al l  equ ipment shal l  be  date  and  time synchron ized  prior to  use,  to  easi l y match  images  to  
system  cond i tions,  for example  the  i n  p l ane  i rrad iation ,  and  DC-load  of the  p lan t.  

4.2  M in imum  requ irements  for IR-cameras  used  for inspecting  PV plants  

The speci fications  of the  i n frared  camera  shal l  fu l fi l  the  m in imum  requ i rements  accord ing  to  
Table  1 .  

Table  1  – M in imum  requ irements  for IR-cameras  

 Featu res  M in imum  requ i rements  

a  Spectral  response   2  µm  to  5  µm  (m id  wavelength )  or 8  µm  to  1 4  µm  ( l ong  
wavel ength)  1  

b  Temperatu re-sensi ti vi ty and  ca l i bration  
range  (ob ject  temperature  range)  

–20  °C  to  +1 20  °C  

c  Operati ng  ambient  a i r temperature  
range  

–1 0  °C  to  +40  °C  

d  Thermal  sensi ti vi ty  NETD ≤  0 , 1  K at  30  °C  

e  Geometri c  resolu ti on  1 )  PV modu le:  max.  3  cm   of the  modu le  edge  per p i xel 2   

2 )  E l ectri cal  connections:  The  geometri cal  resol u ti on  (Rea l  
measurement  spot3)  has  to  match  the  smal l est  object  area  to  
be  veri fi ed .  

Fu ther detai l s  can  be  found  i n  Clauses  A. 1  and  A. 2 .  

f Absolu te  error of measurement  <  ±  2  K 

g  Ad justabl e  parameters  Em issivi ty (ε ) ,  refl ected  temperature  (T
refl

)  

h  Ad justabl e  functions  Focus,  temperatu re  l evel  and  span  

i  Measurement functions  Measuri ng  spot,  measuring  area  wi th  average  and  maximum  
temperatu re  
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 Featu res  M in imum  requ i rements  

j  Cal i bration  The  measuri ng  system  (camera,  l ens,  aperture  and  fi l ter) :  The  
thermograph ic camera  shal l  be  traceably cal i brated  at  l east  every 
two  years.  The  cal i brati on  has  to  be  documented .  I f the  camera  i s  
not  compl ian t  (absol u te  temperature  and/or temperature  
d i fferences),  i t  may be  read j usted  by the  manufacturer.  

k  Documentation  S tori ng  of the  i n frared  p i ctu re  wi th  a l l  rad iometri c  i n formation  to  be  
able  to  determ ine  absolu te  temperatu res.  Non-rad iometri c  p i ctu res  
can  on l y provide  pattern  and  eventual l y temperatu re  d i fferences.  

1  Cameras  operati ng  i n  wavelength  range  of 2  µm  to  5  µm  shal l  on l y  be  used  for thermography of e l ectri ca l  
BOS  components,  e . g .  fuses.  Due  to  the  transparency of g l ass  i n  the  range  of 3  µm  the  use  of that  range  on  
PV modu les  can  l ead  to  measurement  errors.   

2  3  cm  l eng th  of edge  per p i xel  equal s  5  x 5  p i xel  on  a  6 “  PV cel l .  

3  The  real  measuring  spot mostly i s  defi ned  as  3  x 3  p i xel ,  for h i gh -qual i ty opti cs.  

 

Use  of an  I R camera  wi th  resolu tion  ≥  320  x 240  p ixe ls  and  a  separate  photo  camera  are  
recommended ,  wi th  mon i tor and  remote  control  or a  swivel l ing  d isplay.  

4.3  Requi rements  for photo  cameras  for documentation  of the  find ings  

Visual  photos  documenting  the  s tate  of the  modu le/p lant are  recommended ,  however visual  
photos  of any thermal  abnormal i ty are  requ i red .  One  photo  of every safety re levan t 
abnormal i ty (see  Table  4)  sha l l  be  taken .  

The  resolu tion  of the  visual  photo  shal l  be  s i gn i fican tl y h igher than  the  I R image and  shal l  
have  a  s im i l ar fi e l d  of view to  su fficientl y capture  al l  detai ls  of the  object (e . g . ,  busbars,  
ri bbons  of a  solar cel l ,  broken  front g lass,  fuse  and  fuse  holder).  I t  shal l  be  ensured  that I R 
and  visual  photo  capture  the  same area  of i n terest wh i l e  fu l fi l l i ng  the  resolu tion  requ i rement.  
A separate  photo  camera  and  IR camera  are  recommended ,  in  order to  ensure  sufficient 
resolu tion  of visual  photo  ( typica l l y at l east 30  times  h igher) .  

NOTE  I n  many cases,  the  basic  photo  camera  wh ich  i s  i n tegrated  i n to  the  i n frared  camera  i s  not  abl e  to  provi de  
the  requested  resol u tion .  For an  I R camera  of 640  x 480  pi xel  a  separate  photo  camera  wi th  at  l east  9  Mpi x i s  
su i table.  

4.4 Requirements  for equ ipment  to  record  the ambient  cond itions  

To detect thermograph ic abnormal i ti es  correctl y,  certa in  ambient cond i tions  have  to  be  met.  
Equ ipment to  measure  these  cond i ti ons  shou ld  be  compl iant  to  the  m in imum  requ irements  i n  
Table  2 .  
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Table  2  – Requirements  for equ ipment to  record  
the ambient  cond itions  

 Parameter Equ ipment Accuracy 

a  I rrad iance  I rrad iance  sensor (crystal l i ne  
s i l i con  cel l  or pyranometer)  

Cal i bration :  ±  5  %  

b  Ambient  (a i r)  temperatu re  Temperatu re  sensor (sh ie l ded  
from  d i rect  l i g h t  and  wind )  

Cal i bration :  ±2  K 

c  Wind  speed  Bft  scale  (vi sua l )  or anemometer Estimation  

d  Cl oud  coverage  Photo  camera  Estimati on  

e  Degree  of soi l i ng  Photo  camera  Estimation  

Estimation  can  be  done  us i ng  
procedu re  accord i ng  to  
I EC 61 724-1  

f Modu l e  or s tri ng  cu rren t  DC (cl amp)  ampere  meter (or 
i nverter read ing 1  

Cal i bration :  ±  2  %  

1  Note  that  the  i nverter read ing  may not  g i ve  accu rate  resu l ts  or be  ca l i brated .  Though  i t  may be  usefu l  for 
some  BOS  components ,  i t  may a l so  not  have  resolu ti on  for PV stri ng - l evel  cu rren t measurement.   

 

5 Inspection  procedure  

5. 1  General  

An  inspection  of the  PV p lant shou ld  be  done  during  the  commission ing  and  operation  of the  
power p lant,  i n  accordance  wi th  appl icable  heal th  and  safety regu lations.  The  recommended  
i n terval  for period ic  thermography i nspections  i s  four years  bu t the  appl i ed  i n tervals  for a  
speci fic i nsta l lation  shal l  be  agreed  upon  wi th  the  owner / operator,  or they m igh t be  defined  
by national  e lectric codes  and  safety regu lations  for e lectrical  i nsta l lations .  

The  owner,  operator or an  au thorized  person  shal l  g i ve  the  i nspector(s)  an  i n troduction  i n to  
the  safety speci fic regu lations  of the  PV p lan t to  be  i nspected ,  i nclud ing  detai l s  of the  p lant 
and  electrical  layou t.  A second  person  shou ld  be  present during  inspection ,  and  may be  
requ ired  by l ocal  safety regu lations.  At  least  one  of the  persons  perform ing  the  i nspection  
shal l  have  techn ical  knowledge of the  speci fic system ,  and  of PV p lan ts  i n  general .  
I nspections  shal l  be  done  fol l owing  appl icable  safety regu lations,  for example  i n  accordance  
to  EN  501 1 0-1  or DGUV BGV/GUV-V A3  E.  

The  detai led  i nspection  scope shal l  be  defined  prior to  the  i nspection  and  agreed  i n  wri ti ng  
between  the  i nvolved  parties .  

The  p lan t shal l  be  under operating  cond i ti ons.  The  part of the  system  under evaluation  shal l  
be  in  thermal  s teady state  cond i ti on  and  free  of partia l  shad ing  ( i f poss ib le).  Soi l i ng  shou ld  be  
l ow ( l ess  than  1 0  %  operating  cu rren t Impp  loss)  and  homogeneous,  wi thou t causing  partia l  
shad ing  (e. g . ,  by b i rd  d roppings,  l eaves,  vegetation)  to  avoid  thermal  effects.  I f strong  soi l i ng  
or partia l  shad ing  due  to ,  for example  bi rd  d roppings,  i s  observed  on  the  PV modu les,  i t  i s  
recommended  to  cl ean  the  en ti re  system  prior to  i nspection .  Note  that the  performance of the  
system  may change as  a  resu l t of the  clean ing .  Ensure  modu les  are  at thermal  steady state  
after clean ing  prior to  perform ing  in frared  imag ing  i nspection .  

For quan ti fication  of soi l i ng ,  i t  i s  recommended  to  conduct measurements  accord ing  to  
IEC 61 724-1 .  Th is  m ight  be  helpfu l  to  compare  measurements  from  period ic  i nspections .  

Col l ecti ng  IR images  can  be  done  i n  d i fferen t ways,  e. g . ,  us ing  tripods,  by hand  or d rones.  
Care  shal l  be  taken  that the  method  se lected  sti l l  meets  the  resolu tion  requ irements,  and  to  
ensure  understand ing  of the  method  used  (e. g . ,  reflections).  Any known  deviations  or 
l im i tations  shal l  be  noted  i n  the  i nspection  report.  
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National  regu lations  and  laws  may apply to  us ing  IR cameras  and  other equ ipment l ike  
d rones.  

The  i nspection  resu l ts  veri fy the  status  at the  time  of i nspection .  I ssues  of i n term i ttent or 
chang ing  nature  may or may not be  captured  at the  time of inspection .  

5.2  Visual  i nspection  

Prior to  the  thermograph ic i nspection  of the  PV p lan t,  i t  i s  recommend  to  do  a  visual  
i nspection  to  determ ine  whether the  requ i rements  of 5. 1  are  met.  Observations  such  as  b i rd  
d roppings,  strong  soi l ing ,  burn  spots  on  modu les  or other Ba lance  of System  (BOS)  
components  shal l  be  documented  by photos  and  location  prior to  the  thermograph ic 
i nspection .  I f poss ib le,  those  find ings  shou ld  be  resolved  (e. g .  by cl ean ing)  prior to  the  
thermograph ic i nspection  especial l y during  com ission ing .  Photos  post-clean ing  (pre- imag ing)  
shou ld  be  documented .  However,  i t  may be  desi reable  to  conduct the  thermography 
i nspection  wi thout  clean ing ,  e. g .  for a  root-cause  analys is  for a  poor perform ing  PV power 
p lant.  

Upon  observation  of thermal  anomal ies,  i t  i s  desi reable  to  visual l y i nspect the  component and  
visual l y observe  any abnormal  cond i tions  i n  the  area.  The  PV modu le  visual  i nspection  
procedures  i n  I EC 61 21 5-1  and  I EC 61 730-2  may be  usefu l  references.  A visual  photo  shal l  
be  captured  for every thermal  abnormal i ty type.  

5.3  Envi ronmental  cond itions  

The  i nspection  shou ld  be  performed  under the  cond i ti ons  speci fi ed  i n  Table  3 .  

Table  3  – Required  inspection  cond itions  

 Parameter Lim i ts  

a  I rrad iance  •  M i n imum  600  W/m 2  i n  the  p l ane  of the  PV modu le  for PV modu le  i nspection  

•  Measured  operati ng  curren t shal l  be  a  m in imum  of 30  %  of rated  system  curren t 
wi th i n  the  i nspected  current  path  (typ ical l y >  30  %  of PV modu le  name  p late  I sc  at 
STC (equals  typical l y >  300W/m 2  i n  the  p l ane  of the  PV modu les)  for i nspection  of 
other e l ectri ca l  components  (e. g .  cabl es,  connectors,  connections).  Recommended  
for i nspection  are  >  600  W/m 2 .  

NOTE  Example  for s i ng l e  stri ng  wi th  no  paral l e l  connection :  30  %  of STC I sc  curren t.  
I sc to  be  taken  from  PV modu l e  name  p late  and  not  to  be  measured  on  PV p lan ts .  

b  Wind  speed  Maximum  4  Bft  or 28  km/h  (see  Annex E )  

c  Cloud  coverage  Maximum  2  okta  of sky covered  by cumu lus  cl ouds  

d  Soi l i ng  No  or l ow.  Clean i ng  recommend ,  e. g .  i f b i rd  d roppings  exi st.  

 

NOTE  For cl oud  coverage,  fi n d  fu rther i n formation  i n  I SO  1 5469: 2004.  

After change i n  operati ng  cond i tions ,  for example  l oad  or i rrad iance  (due  to  e. g .  ci rrus  clouds)  
of >1 0  %  per m inute,  a  wai ti ng  time of 1 5  m in  i s  recommended  to  regain  the  s teady state  
measurement cond i tions.  

The  cloud  coverage shou ld  not cons ist of more  than  2  okta  of cumu lus  clouds,  because  of 
m islead ing  reflections  on  the  modu les.  
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5.4  Imaging  procedure  

5.4. 1  General  

The d istance  between  the  i nspected  object and  the  I R-camera  shal l  fu l fi l  the  geometrical  
resolu tion ,  speci fi ed  in  4 . 2 ,  wh i l e  requ i red  safety d istances  accord ing  to  safety regu lations  are  
met.  (See  Clauses  A. 1  and  A. 2)  

The  I R-camera  image  shal l  be  taken  as  perpend icu lar to  the  PV modu le  surface  as  poss ib le.  
At the  same time,  sel f-reflection  of measuring  personnel  and  IR-camera  apparatus ,  and  
reflection  of heated  obj ects  l ike  sun ,  near-by bu i l d ings  and  trees  shal l  be  avoided .  I n  cases  
where  the  image  cannot be  taken  perpend icu lar to  the  PV modu le  surface,  e . g .  a  smal l  
i nsta l l ation  wi th  l im i ted  abi l i ty to  ra ise  the  camera,  the  ang le  between  the  camera  and  the  PV 
modu le  plane  shou ld  sti l l  be  greater than  30°  (see  Clause  A. 2) .  

Ad just the  camera  em issivi ty based  on  surface  cond i ti ons  of the  obj ect under i nvesti gation  
(e. g .  soi l i ng  of modu le  fron t g l ass  or dust on  sh i ny parts  of e . g .  fuse  holders).  

The  DC-load  of the  p lant sha l l  be  mon i tored  and  recorded  to  avoid  measurements  under 
undefined  l oad  cond i ti ons  due  to  gri d  events  (e . g .  stri ngs  are  open  ci rcu i t  or short ci rcu i t) .  

Together wi th  the  thermograph ic image,  a  photo  of the  same area  shal l  be  taken  for each  type  
of thermal  find ing .  The  exact pos i ti on  of a l l  the  find ings  in  the  i nspected  system  shal l  be  
documented ,  as  wel l  as  the  operating  cond i ti ons  i nclud ing  local  DC l oad  and  envi ronmenta l  
cond i ti ons.  

Two  d i fferent  l evels  of qual i ty of exam inations  are  curren tl y used :  

a)  S impl i fi ed  i nspection :  

The  s impl i fi ed  thermograph ic  i nspection  wi th  reduced  requ irements  for the  qual i fication  of 
personnel  (see  Annex B) .  Th is  i s  for a  l im i ted  inspection  to  test the  bas ic function ing  of the  
PV modu les.  For example,  during  the  commission ing  of systems.  Au thori tative  conclus ions  
regard ing  modu le  qual i ty are  not possib le.  No  absolu te  temperatures  are  determ ined ,  
therefore  thermal  patterns  are  used  to  evaluate  the  abnormal i ti es .  Refer to  the  examples  
i n  Annex C.  

b)  Detai l ed  inspection :  

The  detai l ed  thermograph ic inspection  and  anal ysis,  wh ich  may i nclude  thermal  patterns  
wh ich  d i ffer from  the  examples  i n  the  Annexes.  Th is  may be  usefu l  for trouble-shooting  
and  for period ic  inspections  accord ing  to  I EC 62446-1  and  fu ture  I EC 62446-2.  Absolu te 
temperature  measurements  are  determ ined  during  th is  detai led  i nspection .  An  au thorized  
expert for PV p lan ts,  together wi th  thermograph ic experts ,  sha l l  have  advanced  
qual i fications  as  per Annex B .  

5.4.2  Using  fast  carriers  for IR-camera,  e .g .  aerial  d rones  

Aeria l  d rones  are  i ncreasing l y be ing  used  as  part of the  tool  ki t  for fau l t detection  and  
l ocal i zation  i n  PV p lan ts.  I t  shou ld  be  noted  that wh i le  d rones  help  scale,  au tomate  and  
accelerate  detection  of fau l ty areas  wi th in  a  l arge  power p lan t,  such  techn iques  can  l ack the  
resolu tion  to  detect  fi ne  component arti facts  or i den ti fy speci fic fa i l u re  modes.  Such  an  
i nspection  by d rones  i s  cl assi fied  as  s impl i fied  i nspection  procedure  of the  whole  PV array i n  
order to  find  PV sub  arrays/strings/modu les  wi th  obvious  noticeable  problems.  

I n  the  case  where  imag ing  i s  performed  usi ng  a  fast carrier,  the  moving  speed  of the  camera  
shou ld  a lways  be  chosen  wi th  respect to  the  time constant of the  camera’s  IR-detector to  
avoid  smearing  effects  (compare  the  fol l owing  p ictures  in  F igure  1 ) .  Smearing  i n fluences  
visual  pattern  and  absolu te  and  re lative  temperatu res.  Relevant smearing  effects  on  common  
IR camera  bolometer detectors,  when  used  for PV-modu les  and  systems,  may a l ready appear 
at  a   moving  speed  of 3  m /s.  
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For l arge-area  imag ing  such  as  through  use  of d rones,  cons ider i rrad iance  and  system  
stabi l i ty,  especia l l y i f images  wi l l  be  sti tched  together and  not i nd ividual l y mapped  to  system  
performance ( i nstan taneous  DC string  current) .  

Ensure  the  geometric resolu tion  requ i rements  are  met,  especia l l y i f the  d istance  between  the  
IR camera  and  PV modu le  i s  l arge.  I f the  requ i rements  are  not met,  i t  i s  a  deviation  to  the  
procedure.  

NOTE  A typical  approach  i s  to  do  th i s  s impl i fi ed  i nspection  at  the  whol e  PV array to  fi nd  PV modu les  or s tri ngs  
wi th  noti ceable  problems.  Afterwards  a  detai l ed  i nspection  i s  done  at  these  PV modu l es.  Th i s  parti a l  or detai l ed  
i nspection  can  be  agreed  i n  a  con tract,  a l ong  wi th  the  th resholds  for d ecid i ng  what sort  of i ssue  i n  the  s impl i fi ed  
procedure  wou ld  warran t the  detai l ed  approach  described  i n  th i s  document.  

  

IEC IEC 

a)  P icture  captured  wi th  s low camera  moving  
speed  wi thou t noticeable  smearing  

b)  P icture  captured  at  h igh  camera  moving  speed  
wi th  unacceptabl e  smearing  

Figure 1  – Impact  of camera moving  speed  

5.4.3  Emissivi ty  

Estimating  the  em iss ivi ty of the  exam ined  surface  i s  the  responsib i l i ty of the  qual i fied  
thermographer,  particu larl y i n  the  case  of deta i l ed  i nspection .  The  em issivi ty of a  surface  
depends  on  many factors.  Many of them  are  l ess  re levant for the  g i ven  task (such  as  the  
exact spectral  range  of the  (LW)-IR-camera,  surface  and  ambient temperature,  surface  
geometry,  etc. ) .  

For the  s impl i fi ed  inspection ,  the  most important dependencies  and  some common  values  are  
g iven  for common  surface  and  ambient temperatures,  surfaces  wi thou t holes  and  (LW)-IR-
cameras  (note  that l ess  common  MW-IR-cameras  d i ffer s ign i ficantl y) :  

For the  practice  of thermography on  PV modu les  and  BOS componen ts,  i t  i s  importan t to  
understand  the  fol l owing  three  dependencies:  fi rst materia l ,  second  surface  ( i ncludes  soi l ing)  
and  th i rd  ang le  of view.  Dependencies  and  values  are  g i ven  by examples .  

a)  Materia ls  such  as  unoxid ised  meta l  (parts  made ou t of sta in less  s teel ) ,  pol ished  

a lum in ium  parts  and  some BOS components  have  very low em iss ivi ti es  around  ε  =  0 , 1  to  

ε  =  0 , 3,  therefore  an  accurate  temperature  determ ination  i s  not possib le .  

b)  Most i nsu lation  syn thetics  and  ceram ics  have  em issivi ty around  ε  =  0 , 9 .  

c)  Rough  oxidated  a l um in ium  of modu le  frames  and  mounting  clamps  and  some BOS 
components  typ ical l y show values  above unoxid ised  meta l ,  bu t below g lass,  typ ical l y 

about  ε  =  0 , 4  to  ε  =  0 , 7 .  

d )  Materia ls  l ike  g lass  have  h igher em issivi ties  around  ε  =  0 , 85.  G lass  wi th  a  rough  surface,  
such  as  textu red  g lass  or g lass  wi th  h i gh  degree  of soi l i ng  may have  an  em issivi ty up  to  

ε  =  0 , 9.  
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e)  On  non-ferrous  g lass  the  em issivi ty decreases  wi th  the  ang le  of view,  so  at  around  45°  the  

em issivi ty wi l l  be  around  ε  =  0 , 8  and  at 30°  i t  can  be  around  ε  =  0 , 75  or l ower.   
(See  F igure  2  and  a lso  Clause  A.2 . )  

 

Figure 2  – Dependence  of the  emissivi ty of 
g lass  on  the  angle  of view [1 0]  

6 Software for evaluation  

Using  software,  i t  i s  possible  to  transfer the  rad iation  dens i ty values  measured  by the  I R-
camera  i n to  absolu te  temperature  values .  The  calcu lations  may be  done  d i rectl y us ing  the  IR-
camera  software,  wh ich  updates  the  temperature  l abels  on  the  d isp lay screen  and  in  the  
saved  fi l e.   Care  shal l  be  taken  when  in terpreti ng  any temperature  values,  as  they may not be  
absolu te  temperatures  i f the  correct parameters  were  not set.  To  obta in  temperature  values,  i t  
i s  necessary to  set  speci fic parameters ,  i n  particu lar:  

a)  em issivi ty,  ε ,  

b)  refl ected  temperature,  Trefl ,  

c)  temperature  l evel  and  span ,  

d )  d i fferent measuring  tool s  (e . g .  spot measurement,  pol ygons)  under speci fication  of 
m in imum ,  maximum  and  ari thmetic mean  value  for the  temperature  data.  

7 Evaluation  

7. 1  General  

The fo l l owing  measurements  and  observations  are  importan t for evaluation  or va l idation :  

a)  maximum  temperatures,  

b)  temperature  d i fferences,  

c)  temperature  profi l es,  

d )  cl oud ,  cloud  movement,  cl oud iness  (see  example  i n  F igure  3  ri gh t),  

IEC  

at Trefl  =  250  °C  

at Trefl  =  –50  °C  

E
m
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s
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Ang le  of vi ew on  modu le  
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e)  wind  speed  and  d i rection  (see  example  i n  F igure  3  l eft) ,  

f)  previous  mechan ical  stress  from  i nsta l l ation  h istory l ogfi l e ,  

g )  soi l i ng ,  

h )  visual  i nspection ,  

i )  i rrad iance  and /or DC l oad  of system .  

Resu l ts  and  recommendations  of previous  i nspections  shou ld  a lso  be  taken  i n to  
consideration .  

During  a  s impl i fi ed  thermograph ic inspection  of a  PV plant no  exact temperatures  are  
determ ined .  Here  the  main  focus  is  on l y on  evaluating  certa in  thermograph ic patterns  as  
shown  in  Annex C.  To  evaluate  absolu te  temperature  and  temperature  d i fferences,  a  detai led  
i nspection  shal l  be  done  wi th  appropriate  qual i fi ed  personel  (see  Annex B) .  General  gu idance 
can  be  found  i n  EN  1 671 4-3  and  VATh-Directi ve.  

  

IEC IEC 

Figure 3  – Examples  of influence of wind  (l eft)  and  cloud  movement (right)   
on  observed  temperature  pattern  

7.2  Evaluation  of IR images  

This  subclause  i n troduces  several  techn iques  to  evaluate  IR images.  Other procedures  exist  
and  can  be  appl i ed  a lso.  

a)  Patterns  (Simpl i fi ed  inspection ,  see  Annex C)  

The  abnormai ty is  class i fied  and  evaluated  by a  known  thermal  pattern .  Measurement of 
absolu te  and  re lative  temperature  values  are  not neccesary bu t can  supplement thermal  
patterns  as  p lausib i l i ty check.  

b)  Temperatures  of poin t  abnormal i ties  (Detai l ed  i nspection ,  see  Annex D)  

Use  an  a lgori thm  to  determ ine  h ighest temperatu re  i n  the  image.  Th is  can  be  done  us ing  
d i fferent types  of tools  such  as  “freehand  spot”  or “maximum  spot wi th in  an  area”  in  the  
camera  and  image processing  software.  

c)  Extended  areas  (Detai l ed  i nspection ,  see  Annex D)  

Use  d i fferen t types  of tools  such  as  “rectang le” ,  “ci rcle”  or “pol ygon  areas”  to  calcu late  the  
mean  temperatures  of the  areas,  us ing  the  camera  and  image  processing  software.  

d )  Relati ve  temperatures  (Deta i led  i nspection ,  see  Annex D)  

Can  be  calcu lated  between  poin t  abnormal i ties  and/or the  mean  va lues  of extended  areas,  
wi th  cons ideration  of the  uncertain ty of measurement.  

e)  Absolu te  temperatures  (Detai led  i nspection ,  see  Annex D)  

Can  be  measured  at  poin t abnormal i ties  and  the  mean  values  of extended  areas,  wi th  
consideration  of the  uncertain ty of measurement.  
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Attention:  Absolu te  temperatures  on  PV generators   vary due  to  wind  and  convection  
d i fferences  wi th  time and  pos i ti on  in  the  PV array and  p lan t.  

7.3  Thermal  abnormal i ti es  

7.3. 1  General  

Th is  subclause  appl ies  i n  particu lar for detai l ed  inspection .  

7.3.2  Classes  of abnormal i ties  (CoA)  

For the  al l ocation  i n to  classes  of abnormal i ties  (CoA),  the  speci fic patterns  and  measured  
temperatures  have  to  be  compared  wi th  the  examples  of thermograph ic images  and  
d i fferences  i n  temperature  shown  in  Annex C.  Table  4  i n troduces  three  classes  of 
abnormal ies  and  thei r fo l l ow up  action .  Th is  i s  importan t s i nce  there  m ight  be  imm inent 
danger (e lectric shock or fi re)  to  peronal  and  property.  

Table  4  – Al location  in  classes  of abnormal i ties  

Class  of Abnormal i ty (CoA)  1  (no  abnormal i ti es  – OK)  2  (thermal  abnormal i ty – tA)  3  (safety re levant  thermal  
abnormal i ty – d tA)  

Recommendation  for 
actions  

No  imm inent action  Checking  the  cause  and ,  i f 
necessary,  recti fi cation  i n  a  
reasonable  period .  

Prompt i n terrupti on  of 
operati on ,  checking  the  
cause  and  recti fi cati on  i n  a  
reasonable  period .  

 

I t  i s  not a lways  poss ib le  to  cl assi fy thermal  abnormal i ti es  wi thou t any doubt us ing  
thermography i nspection  a lone.  I n  th is  case  add i tional  appropriate  i nspections  shal l  be  
appl ied .  

7.3.3  Abnormal i ties  of PV modules  

Thermal  images  and  resu l ti ng  temperature  d i fferences  shal l  a lways  be  evaluated  in  the  
con text of the  ambien t  cond i tions,  type  of mounting ,  and  modu le  assembly (g lass-g lass  
modu le,  g lass-foi l  modu le,  i n tegrated  pol ymers,  etc. ) .  

I f a  doubtless  classi fication  from  the  front s ide  of a  PV modu le  i s  not possible ,  a  back s ide  
view (optical  and  thermograph ic)  or fu rther measurement techn i ques  shal l  be  u ti l i zed  or a  
more  qual i fied  personnel  ( thermograph  of l evel  2  or equ ivalent)  sha l l  become i nvolved .  
Suggested  actions  for further measurements  and  recti fication  are  described  i n  Annex C.  

7.3.4  Abnormal i ties  of other BOS components  

The BOS componen t inspection  i ncludes,  bu t  i s  not l im i ted  to,  cables ,  con tacts,  fuses,  
swi tches,  i nverters  and  batteries.  An  example  is  g iven  for a  fau l ty (abnormal )  contact.  

Classi fication  of abnormal i ti es  wi l l  d epend  on  the  BOS component.  No  speci fic PV 
requ irements  are  developed ,  yet.  For the  time being ,  refer to  the  appl icable  product standards  
and  general  e lectro  thermography techn iques  for e lectrical  components  and  thei r defined  
requ i rements .  See  F igure  4 .  



 – 1 8  – I EC TS  62446-3:201 7  © I EC  201 7  

 

Figure 4 – Example infrared  thermograms  of a  PV string  combiner box  
wi th  cables,  contacts,  fuses  and  switches  before  ( left)  and  after (right)   

maintenance  on  a  fau l ty contact  

7.4  Projection  of temperature  d i fferences  to  nominal  i rradiance  

7.4. 1  General  

The fol l owing  g ives  gu idance  for the  extrapolation  of the  measured  temperature  d i fference  
between  function ing  and  non /partia l -function ing  components  under actual  cond i tions,  to  the  
expected  temperature  d i fference under nom inal  i n  pl ane  i rrad iance  of the  PV modu le,  defined  
as  1  000  W/m 2 .  Th is  appl ies  for PV modu les  and  for other BOS components  for any thermal  
abnormal i ty,  and  does  not consider other cond i tions  such  as  wind  speed  wh ich  are  separatel y 
reported .  

Here,  thermal  abnormal i ties  are  d i fferentiated  between :  

a)  poin t  abnormal ies  (e. g .  l ocal i zed  hot-spots  i n  solar ce l l s  or a  fuse) ,  and   

b)  extended  area  abnormal i ty (e. g .  an  en ti re  warm/hot  solar ce l l  or a  heat  s ink plate).  

For temperature  d i fference  extrapolation  the  fol l owing  formu la  shal l  be  used :  

∆푇2 = �퐺2  
퐺1 �

푥
∆푇1  

NOTE  1  Reference  for the  formu la:  Gu i del i nes  to  thermograph ic  i nspection  of e l ectri cal  i nstal l ati ons;  Thomas 
Perch-N ie l sen ;  J ens  Chri sti an  Sorensen ;  1 994  [1 ] .  

where  

∆Ti  i s  the  temperature  d i fference between  functional  and  non-function ing  components  
under i den tical  i rrad iance  cond i tion  i;  

Gi  i s  the  i rrad iance  or load  (DC  current)  a t cond i tion  i ;  

I n dex i  =  1  i s  the  value  at actual /partia l  i rrad iance/load  (see  Table  3  for m in imum  requ i red  
partia l  i rrad iance/load  cond i tions);  

I ndex i  =  2  i s  the  va lue  at  nom inal  l oad /temperature  (1 00  %  i rrad iance/load  cond i tion);  

x  i s  the  exponen tia l  factor,  cons idering  d i fferent shapes  of abnormal i ti es.  For impact 
of x  see  F igure  5 .  

S ince  DC curren t l oad  generated  by the  PV modu les  i s  proportional  to  i rrad iance  and  i f the  
nom inal  current l oad  at  1  000  W/m 2  i s  known ,  DC curren t l oad  may be  substi tu ted  for 
i rrad iance  in  the  above  formu la  and  Table  5 .  

IEC  
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•  For a  poin t abnormal i ty (poin t heat source  wi th  rad ia l  heat transport  – typ ical l y up  to  a  
couple  of square  m i l l imetres  in  s i ze  and  much  smal ler than  a  cel l  – for example,  for  
a  6”  c-S i  cel l  a  poin t  abnormal i ty i s  typica l l y l ess  than  3   mm2)  the  fol lowing  appl ies:  

exponentia l  factor x  i s  typ ical l y between  1 , 5  and  1 , 8,  where  x  =  2 , 0  represents  on l y current 
i nduced  heat from  a  poin t spot,  wi thout  any heat  d iss ipation  by rad iation .  

NOTE  2  "6  i nch  cel l "  i s  an  expression  currentl y  used  i n  the  PV i n dustry;  6 ' '  corresponds  to  1 5, 24  cm .  However,  
other s im i l ar s i zes  are  used  i n  the  PV i ndustry as  wel l .  

•  For extended  area  abnormal i ty ( l ateral  extended  heat source  – typical l y of the  s i ze  of one  
or more  cel ls)  the  fo l l owing  appl ies :  

exponentia l  factor x  i s  typica l l y x  =  1  and  therefore  represents  a  l i near dependence of 
temperature  on  i rrad iance  / curren t l oad .  

 

Figure 5  – Graph ic representation  of the  correction  factor for temperature   
d i fferences  to  nominal  i rrad iance/load  cond itions  as  a  function  of  

the  relative  i rrad iance/load  

For conven ience,  the  exponentia l  factor x  and  the  i rrad iance/load  terms  can  be  combined  i n to  

a  “correction  factor” ,  to  d i rectl y extrapolate  ∆T from  the  measured  to  the  nom inal  cond i tion .  
Values  for these  correction  factors  for poin t abnormal i ties  and  extended  area  abnormal i ties  of 
PV modu les  and  BOS components  can  be  found  i n  the  correspond ing  columns  of Table  5  and  
graph ica l l y showin  i n  F igure  5.  

푐푐푐푐푐푐푐푐푐푐  푓푓푐푐푐푐 = �퐺2  
퐺1

�
푥
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Table  5  – Example  correction  factors  for temperature d i fferences   
to  nominal  load  condi tions  based  on  formu la  

above and  Figure  5  

Fraction  of rated  
i rrad iance  /  
curren t load  

 %  

Point abnormal i ty extended  area abnormal i ty 

(x =  1 , 0)  

 PV modu les  

(x =  1 , 5)  

Other BOS  

(x =  1 , 6)  

PV modu les  Other BOS  

30  NA 6, 9  NA 3, 3  

40  NA 4 , 3  NA 2 , 5  

50  NA 3 , 0  NA 2 , 0  

60  1 , 7  2 , 3  1 , 7  1 , 7  

70  1 , 4  1 , 8  1 , 4  1 , 4  

80  1 , 3  1 , 4  1 , 3  1 , 3  

90  1 , 1  1 , 2  1 , 1  1 , 1  

1 00  1 , 0  1 , 0  1 , 0  1 , 0  

1 1 0  0 , 9  0 , 9  0 , 9  0 , 9  

1 20  0 , 8  0 , 8  0 , 8  0 , 8  

 

7.4.2  Modules  

For a  s impl i fied  i nspection ,  7 . 4  does  not appl y s ince  on l y IR patterns  as  g i ven  i n  Annex C  
shal l  be  used  for i n terpretation  of abnormal i ties.  

For a  more  detai l ed  inspection  absolu te  temperatures  are  important.  For a  detai led  inspection ,  
maximum  temperatures,  temperature  d i fferences  and  temperatures  grad ien ts  shal l  be  
evaluated .  Qual i fi ed  personel  are  requ i red  as  per Annex B.  

Gu idance  for normal izing  temperature  d i fferences  for modu le  abnormal i ti es  i s  g i ven  in  7 . 4 .  

A cl ear d i fferentiation  shal l  be  made between  poin t  and  extended  area  abnormal i ties.  

The  detai l ed  evalu tation  shal l  cons ider a lso  add i ti ti onal  observations  such  as  DC curren t l oad  
measured  at the  abnormal i ty,  soi l i ng  (homogen ious  or partial ) ,  poss ib le  mechan ical  stress  
(e. g .  due  to  instal lation ,  thermal  cycl i ng ,  or snow l oads) ,  previous  i nspections,  and  materia l  
properties  of the  componen ts.  

At  l east the  fol l owing  normative  references  shal l  be  taken  in to  account,  e. g .  for operati ng  
cond i ti ons,  expected  temperatures  and  temperature  l im i ts  g i ven  by the  used  materia ls :  

•  I EC 61 730-1 ,  Photovoltaic (PV)  module safety qualification – Part 1 :  Requirements for 
construction  

•  I EC  6021 6-2,  Electrical insulating materials – Thermal endurance properties – Part 2:  
Determination of thermal endurance properties of electrical insulating materials – Choice  
of test criteria  

•  I EC 6021 6-5,  Electrical insulating materials – Thermal endurance properties – Part 5: 
Determination of relative thermal endurance index (RTE)  of an  insulating material  

Based  on  the  resu l ts,  a  cl assi fication  of each  abnormal i ty accord ing  to  7 . 3  and  Table  4  shal l  
be  done.  Examples  of correcti ve  actions  for PV modu les  are  speci fied  i n  Annex C.  
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7.4.3  Other BOS  components  

The BOS component i nspection  i ncludes,  bu t  i s  not l im i ted  to ,  cables ,  con tacts,  fuses,  
swi tches,  i nverters  and  batteries.  

General  gu idance for normal i zi ng  temperatures  for BOS components  i s  g iven  in  7. 4.  A cl ear 
d i fferentiation  shal l  be  done  between  poin t and  extended  area  abnormal i ties.  For evaluation  
the  component shal l  be  stressed  wi th  at l east 30  %  of i ts  nom inal  maximum  rati ng  i n  i ts  
appl ication ,  recommended  i s  more  than  60  %,  per Table  3 .  

Based  on  the  resu l ts,  a  classi fication  of each  componen t accord ing  to  7. 3  and  Table  4  sha l l  
be  done.  Corrective  actions  for BOS components  depend  on  component.  Gu idance can  be  
found  in  the  fol l owing  references  and  in  manufacturers  documentation :  

•  Cables:  

– Fu ture  I EC 62930,  Electric cables for photovoltaic systems with a  voltage rating of 1 , 5 
kV d. c.  

•  Fuses:  

– I EC 60269-1 ,  Low-voltage fuses – Part 1 :  General requirements  

•  I nverters :  

– I EC 621 09-1 ,  Safety of power converters for use in  photovoltaic power systems – 
Part 1 :  General requirements  

–  I EC 61 095,  Electromechanical contactors for household and similar purposes 

•  Swi tchgear:  

– I EC 61 439-1 ,  Low-voltage switchgear and control gear assemblies – Part 1 :  General 
rules 

– IEC 61 095,  Electromechanical contactors for household and similar purposes  

8 Inspection  report 

The  i nspection  report shal l  con ta in  the  fol lowing  i n formation :  

a)  name of the  PV expert,  thermographer and  of the  attend ing  persons ,  

b)  type,  i nclud ing  make and  models ,  of the  camera  system ,  

c)  day and  time of the  i nspection ,  

d )  l ocation  of the  i nspection ,  

e)  scope  of i nspection  as  contracted :  

1 )  wi th  type  designation  of components ,  

2)  efficiency of PV modu le,  nom inal  rating  of BOS  componen t,  

3)  l i sti ng  of a l l  i nspected  componen ts,  

4)  mounting :  

i )  Modu les:  type  of mounting   (e. g .  roof mounted :  paral le l ,  ti l ted ,  i n  roof;  g reenfie l d  
i nsta l lation ;  orientation ;  i ncl i nation ) .  

i i )  BOS component l ocation  (e. g .  roof,  condu i t,  open-a ir) .  

NOTE  Modu les  wi th  h i gher effi ciency wi l l  reach  l ower normal  operati ng  absolu te  temperatu re  val ues.  

f)  envi ronmental  cond i tions :  

1 )  a i r temperature,  i n  °C,  

2)  wind  speed ,  i n  Bft or m /s  and  d i rection ,  

3)  cl oud  coverage,  in  okta  and  type  of cloud ,  

4)  i rrad iance  in  p l ane  of modu le,  i n  W/m²,  
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g )  soi l i ng  of component (main l y important for PV modu les)  wi th  photos  as  evidence,  

h )  description  of the  i nspection  procedure,  

i )  l i sti ng  of the  i den ti fi ed  thermal  noticeable  spots  wi th  identi fication  of the i r pos i tion  i ns ide  
the  PV p lant,  us ing  at l east 2  of the  possib le  i denti fications  for each  i tem :  

1 )  PV modu les:  

i )  seria l  number,  

i i )  a  photograph  wh ich  shows the  posi ti on  of the  modu le  in  the  array (for smal l  
i nsta l l ations  on l y) ,  

i i i )  X-Y coord inates  wi th  clear i den ti fication  of column  and  row,  

i v)  marking  i n  the  system  documentation  (string  or tab le/roof p lan) ,  

v)  permanent marking  of the  modu le  on  s i te.  

2)  Other BOS:  

i )  seria l  number,  

i i )  marking  on  a  photograph  clearl y i nd icati ng  the  l ocation  wi th in  the  photo,  and  
clearl y i denti fying  the  l ocation  of the  photo ,  

i i i )  X-Y coord inates  wi th  cl ear i den ti fication ,  

i v)  marking  i n  the  system  documentation ,  

v)  permanent marking  of the  componen t on  s i te,  

j )  recommendation  for the  next period ic i nspection ,  i f d i fferen t from  the  4  year cycle ,  

k)  recommended  actions  based  on  class i fication  of the  abnormal i ti es ,  

l )  summary of the  resu l ts .  

For thermal  abnormal i ti es  wi th in  a  modu le,  the  thermograph ic image  shal l  show at m in imum  
one  whole  modu le,  poin ti ng  ou t the  pos i tion  of the  j unction  box and  the  l ower edge  wi th in  the  
i nstal l ation .  Add i tional  thermograph ic images  of detai led  views  may be  added  for fu rther 
clari fication  (See  Clause  A. 3) .  

The  fol lowing  deta i ls  sha l l  be  g i ven  for every thermograph ic  image:  

m)  exact description  of the  object,  

n )  fi l e  name,  date  and  time of taking  the  thermograph ic image,  

o)  camera  system  wi th  seria l  number and  lens ,  

p)  used  em iss ivi ty and  recorded  reflected- temperatu re  (Trefl ) ,  

q )  exact description  of the  location  i n  the  PV p lant,  wh ich  a l l ows  the  customer the  clear 
i denti fication  of the  abnormal i ty,  

r)  i n  case  immed iate  action  i s  requ i red  (see  7. 3) ,  a  photo  wi th  sufficient resolu tion  to  visual l y 
d isti ngu ish  the  detai l s  i n  the  thermograph ic image  shal l  be  provided ,  

s)  for deta i l ed  i nspecti ons,  temperatures  (Tatm ,  ob jects)  or temperature  d i fference at the  
thermal  abnormal i ty,  preferabl y i n  comparison  to  the  temperature  of an  regu lar spot,  

t)  conclus ions  and  recommendations  for fu rther actions .  

An  example  i nclud ing  a  pol ygon  evaluation  i s  g i ven  i n  F igure  6 .  The  detai l s  may be  recorded  
wi th in  the  image fi l e  i tse l f,  or separate l y.  
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ri gh t:  color scheme of temperatu re,  cen ter:  I R image,  l eft:  image  i n formation  l i ke  fi l e  name,  date,  time,  used  
equ i pment wi th  setti ng ,  ambient  cond i ti ons  l i ke  T

refl
,  T

atm
,  i rrad iance,  wi nd  speed  and  pro j ect  i n formation  such  as  

modu le  effi ciency 

Figure  6  – Example of image  reporting   
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Annex A 
(normative)  

 
Inspection  procedure explanations  

A.1  Geometric resolution  of the camera  

Al l  PV modu les,  incl ud ing  those  observed  at  the  most unfavourable  ang le  of 30° ,  shal l  be  
recorded  wi th  a  m in imum  resolu tion  of 5  x  5  p ixe ls  per cel l .  I n  the  case  of th in  fi lm  based  
modu les,  i n  case  a  deviation  is  requ ired ,  i t  shou ld  be  d iscussed  wi th  the  cl ien t prior to  imag ing  
and  shal l  be  noted  in  the  report.  F i gure  A. 1  shows examples  for geometric resolu tion  wi th  
d i fferent  d is tances  and  fi xed  I FOV on  a  6”  ce l l .  

퐿푐푐퐿푐ℎ  푐푓  푝푐푝푐푝  푐푐  푐푒퐿푐  푐푓  푃푃  푚푐푒푚푝푐 = 퐼퐼퐼푃  · 퐷푐퐷푐푓푐푐푐  푐푐  푃푃  푚푐푒푚푝푐  

Example  1 :  

3 , 0  m rad  ( I FOV)  x 1 4  m  
(Distance  PV modu le)   =  42  mm  
(Edge  l ength  of a  s i ng l e  p i xel  
on  the  PV modu le)   

Matches  wi th  the  resolu tion  of 
ca.  4  x 4  i d eal  p i xel  per 6“  cel l  

Resol u tion  not  su ffi cien t  

 

Example  2 :  

3 , 0  m rad  ( I FOV)  x 

1 0  m  (D istance  PV modu le)   

=  30  mm  (Edge  l ength  of a  
s i ng le  p i xel  on  the  PV modu le)  

Matches  wi th  the  resolu tion  of 
ca.  5  x 5  i d eal  p i xel  per 6“  cel l  

Resol u tion  su ffi cien t  
 

Figure A. 1  – Geometric resolution  of the  IR camera  

A.2  Angle  of view 

The  ang le  of view i s  the  ang le  between  the  modu le  surface  and  the  IR-camera.  I deal l y i t  i s  

90° .  F igure  A. 2  expla ins  the  ang le  of view wi th  α,  β  >  30° ,  measured  starting  from  the  modu le  
surface.  The  m in imum  ang le  of view of 30°  shou ld  be  respected  to  m in im ize  effects  of 
refl ected  background .  

IEC  

IEC  
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Figure A.2  – Ang le  of view 

A.3  Matrix for cel l  identi fication  

I t  i s  recommended  to  i nd icate  the  cel l s  of a  s ing le  modu le  accord ing  to  the  fol lowing  matrix.  
The  modu le  j unction  box  i s  on  top  and  the  modu le  is  shown  from  the  front s ide.  An  a l ternative  
i f the  j unction  box i s  not a  clear i nd icator:  i n - lam inate  seria l  number or name p late  pos i tion .  I n  
F i gure  A. 3  the  marked  ce l l  i s  E/8.  

IEC  

Rad i ation  of modu le  g l ass  

Reflected  background  rad iation  
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Figure A.3  – View for the  designation  of cel l  posi tion ,   
viewed  from  the  front  of a  60-cel l  modu le,  wi th  the   

junction  box at the  top  (rear s ide)  

IEC  
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Annex B  
(normative)  

 
Qual ification  of personnel  

The  testi ng  personnel  shal l  have  sufficient  knowledge i n  e lectrical  insta l l ations,  PV p lan ts  and  
a lso  thermography includ ing  the  anal ys is  of the  thermograph ic fi nd ings  in  e lectrical  systems,  
i n  particu lar:  

a)  sufficient  knowledge  to  be  able  to  work i n  e lectrical  i nsta l l ations  has  to  be  proven ,  

b)  sufficient knowledge to  document PV power p lant re lated  fi nd ings  i n  accordance  to  
requ i rements  stated  i n  C lause  5  and  to  re levant  standards  (e. g .  I EC 62446  series) ,  

c)  knowledge  and  ski l l  i n  e lectro  thermography has  to  be  assured  by the  proof of a  
qual i fication  and  a  certi fication .  A certi ficate  accord ing  to  I SO  971 2  can  serve  as  
confi rmation .  

For the  s impl i fi ed  thermograph ic i nspection  during  the  commission ing  of a  PV p lant,  the  
techn ician  shal l  have  the  knowledge  of the  basic functional i ty of a  PV p lan t.  Furthermore,  
sufficien t knowledge  regard ing  the  thermograph ic measurements  shal l  be  present.  I t  i s  
recommended  that an  education ,  l ike  a  l evel  1  certi fication  accord ing  to  I SO  971 2,  or  
equ ivalent  shou ld  be  proven .  

Access  to  the  e lectrical  i nsta l lation ,  l i ke  open ing  enclosures  wi th  access  to  e lectrical l y l i ve  
parts  shal l  be  restricted  to  e lectrical l y qua l i fied  persons.  

On l y in  the  case  that the  personnel  has  appropriate  knowledge  of the  functional i ty of a  PV 
p lant,  a  two  days  tra in ing  session  of the  bas ics  of thermography and  the  thermograph ic 
characteristics  of PV p lants  wi l l  be  adequate  for the  commission ing  of the  PV system .  Train ing  
on  the  IR camera,  provided  by the  manufacturer,  i s  not  sufficien t.  

For the  detai l ed  thermograph ic i nspection ,  the  au thorized  expert for PV p lan ts  shal l  have  in -
depth  understand ing  of the  PV system ,  re lated  fai l u re  modes,  and  thermograph ic imag ing .  
The  thermograph ic expert shou ld  have  a  qual i fication  equal  to  level  2  e l ectro  thermography 
accord ing  to  I SO  971 2 ,  and  m in imum  shal l  have  level  1  certi fication .  

I n  case  the  purpose  of the  p lanned  inspection  of the  system  is  the  prevention  of fi re  hazards,  
the  testi ng  personnel  shou ld  be  i ndependent (no  personnel  of the  owner or operator) .  

The  proof of eyesigh t may be  done  non-recurring  accord ing  to  I SO  971 2.  
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Annex C  
(normative)  

 
Matrix for thermal  abnormal i ties  of PV modules  

Example  1  – 3:  
Strings  and  modu les  

Category CoA Temperature  d i fference  to  normal  
operating  devi ce  at 1  000  W/m 2  (ΔT

2
)  

Thermal  pattern ,  defin i tion  and  add i tional  
i n formation  of abnormal i ty 

 

Modules  i n  open  
ci rcu i t  

(crystal l ine  S i  and  
th in  fi lm)  

2  2  K to  7  K 

(at  1 5  %  modu le-  effi ciency typ ical l y 
4  K to  6  K)  

Assessable  by thermal  pattern  and  cl assi fi ed  as  
a  extended  area  abnormal i ty.  

The  modu le  su rface  i s  homogeneously heated .  

∆T of the  j unction  box i s  s im i l ar to  operational  
s tate.  

Recommended :  check modu le,  s tate  of operati on  
of i nverter,  and  cond i ti on  of cabl i ng ,  connectors,  
and  fuses.  

 

Module  i n  short 
ci rcu i t  

(crystal l ine  Si )  

2  Averaged  2  K to  7  K over modu le  surface  

(at  1 5  %  modu le-  effi ciency typ ical l y 
4  K to  6  K)  

Assessable  by thermal  pattern ,  vi sual  image  and  
cl assi fi ed  as  a  extended  area  abnormal i ty.  

S im i l ar pattern  as  wi th  broken  fron t  g l ass  (check 
i solation  res i stance),  P ID,  cel l  defects  and  
m ismatch .  

Recommended :  check modu le  and  cabl i ng .  

 

Crystal l ine  S i  
modu le  wi th  
broken  fron t g lass  

(crystal l ine  Si )  

3  Averaged  0  K – 7  K over modu l e  su rface  

(at  1 5  %  modu le-  effi ciency typ ical l y 0  K –
 6  K)  

Assessable  by thermal  pattern  and  vi sua l  image.  

Beware  of h i gh  vo l tage  as  i sol ation  res i stance  i s  
l ost.  

S im i l ar pattern  as  modu les  i n  short  ci rcu i t,  wi th  
PID,  cel l  defects  and  m ismatch .  Sometimes  j ust  
s i ng le  broken  cel l s  are  heated .  I n  the  fi rst  weeks  
after the  breakage,  a  modu l e  wi th  broken  g l ass  
can  show almost  normal  thermal  behaviour.  
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Example  4  – 6:  
Substrings  wi th in  modu le  

Category CoA Temperature  d i fference  to  normal  
operating  devi ce  at 1  000  W/m 2  (ΔT

2
)  

Thermal  pattern ,  defin i tion  and  add i tional  
i n formation  of abnormal i ty 

 

Substring  i n  short 
ci rcu i t  

(crystal l ine  Si )  

2  Averaged  2  K to  7  K h i gher than  substri ng  

(at  1 5  %  modu le-  effi ciency typ ical l y 
4  K to  6  K)  

Assessable  by thermal  pattern  and  cl ass i fi ed  as  
a  extended  area  abnormal i ty.  

At  one  or more  substri ngs,  eas i l y m istaken  for 
cel l  breakage  or cel l  d efects ,  Poten ti a l  i nduced  
deg radation  (P ID)  or m ismatch.  

Recommended :  check modu le  and  bypass  
d iodes  for proper function  under reverse  bias i ng .  

 

1 x substring  i n  
open  ci rcu i t,  l oss  
of connection  
wi th in  modu le  
junction  box or 
cel l  connector 

(crystal l ine  Si  and  
th in  fi lm)  

2-3  2  K to  7  K 

(at  1 5  %  modu le-  effi ciency typ ical l y 
4  K to  6  K)  

Assessable  by thermal  pattern  and  cl assi fi ed  as  
a  extended  area  abnormal i ty.  

Part  of the  modu l e  su rface  i s  homogeneous l y 
heated  up  and  heat d i ss ipati on  by the  bypass  
d iode,  wh i ch  i s  operati ng ,  i s  vi s i ble.  Temperature  
d i fference  of the  g l ass  on  top  of the  j unction  box 
con tain i ng  the  operati ng  bypass  d iode  d i ffers  
wi th  construction .  

Loss  of contact at  a  cel l  connection  m ight  l ead  to  
a  seria l  arc vi s ib l e  on  the  modu le  backside  
surface=>  CoA:  3 .  

 

2x substrings  i n  
open  ci rcu i t,  l oss  
of connections  
wi th in  modu le  
junction  box 

(crystal l ine  Si  and  
th in  fi lm)  

2-3  2  K to  7  K 

(at  1 5  %  modu le-  effi ciency typ ical l y 
4  K to  6  K)  

Assessable  by thermal  pattern  and  cl ass i fi ed  as  
a  extended  area  abnormal i ty.  

Part  of the  modu l e  surface  i s  homogeneous l y 
heated  up  and  heat  d i ss ipati on  by the  bypass  
d iodes,  that  are  operati ng ,  i s  vi s ible.  
Temperatu re  d i fference  of the  g l ass  on  top  of the  
j unction  box d i ffers  wi th  construction .  

Loss  of con tact at  a  cel l  connecti on  (or fa i l u re  of 
a  bypass  d iode)  m ight  l ead  to  a  seria l  arc  vi s ib l e  
on  the  modu l e  backside  su rface=>  CoA:  3 .  
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Example  7  – 9:  
Local  abnormal i ti es  

Category CoA Temperature  d i fference  to  normal  
operating  devi ce  at 1  000  W/m 2  (ΔT

2
)  

Thermal  pattern ,  defin i tion  and  add i tional  
i n formation  of abnormal i ty 

 

Sing le  cel l  wi th  
d i fference  i n  
temperature  

(crystal l ine  Si )  

a)  2  

b)  3  

a)  1 0  K – 40  K average  val ue  over the  
cel l  area  

b)  >  40  K average  value  over the  cel l  
area  

Assessable  by thermal  pattern ,  vi sual  image  and  
cl ass i fi ed  as  an  extended  area  abnormal i ty.  

D i fference  i n  temperature  i ncreases  wi th  l oad ,  
cel l  effi ciency and  number of cel l s  i n  a  substri ng .  
H igh  temperatu res  mostl y caused  by broken  
cel l s .  

M ight  l ead  to  i rrevers ib le  d amage  of cel l ,  
encapsu lation  and  bypass  d iodes.  

Recommended :  Check that  there  i s  no  shad i ng  
or severe  soi l i ng .  

 

Module  wi th  cel l s  
shaded  by d i rt  

(crystal l ine  Si  and  
th in  fi lm)  

a)  1  

b)  2  

a)  i f l ocation  wi th  l ots  of rai n  and  ∆T a  
few K  

b)  i f l ocation  wi th  basical l y no  ra i n  and  

∆T >  40  K  

Assessable  by thermal  pattern ,  vi sual  image  and  
cl assi fi ed  typical l y as  an  extended  area  
abnormal i ty.  

a)  Normal  d i rt,  e . g .  d ust  or b i rd  d roppi ngs  on  
modu les  wi l l  be  washed  by rai n .  No  fu rther 
immed iate  action  requ i red .  

b)  Cl ean i ng  of PV modu les  i s  h i gh ly 
recommended  i n  near fu tu re  to  avoi d  
damage  of PV modu le  

 

Thin  fi lm  modu le  
wi th  broken  front 
g lass  

3  Averaged  0  K – 7  K over modu l e  su rface  

(at  1 0  %  modu le-  effi ciency typ ical l y 0  K –
 4  K)  

Assessable  by thermal  pattern  and  vi sua l  image.  

Beware  of d angerous  vol tage(s)  as  i solati on  
res i stance  i s  l ost.  

S im i l ar pattern  as  modu les  i n  short  ci rcu i t,  wi th  
PID,  cel l  defects  and  m ismatch .  Sometimes  j ust  
s i ng le  broken  cel l s  are  heated .  I n  the  fi rst  weeks  
after the  break a  modu l e  wi th  broken  g l ass  can  
show normal  thermal  behavi ou r.  
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Example  1 0  – 1 2  
Local  abnormal i ti es;  
Evaluation  on l y by experi enced   
PV – thermographers  

Category CoA Temperature  d i fference  to  normal  
operating  devi ce  at 1  000  W/m 2  (ΔT

2
)  

Thermal  pattern ,  defin i tion  and  add i tional  
i n formation  of abnormal i ty 

 

Transfer 
resistance  at  
cross-connections  
of a  th in  fi lm  
modu le  

2-3  >1 0  K Assessable  by thermal  pattern ,  vi sual  image  and  
cl assi fi ed  as  a  po in t  abnormal i ty.  

D i fference  i n  temperature  i ncreases  wi th  l oad ,  
caused  by i ncreased  con tact  res i stance  e. g .  due  
to  bad  sol dering .  

Personal  revi ew by a  PV expert  or 
thermographer l evel  2  or equ ivalen t  i s  
recommended .  

 

Transfer 
resistance  at  cel l  
connections  of a  
crystal l ine  S i  
modu le  

2-3  >1 0  K Assessable  by thermal  pattern ,  vi sual  image  and  
cl assi fi ed  typical l y as  a  po in t  abnormal i ty.  

D i fference  i n  temperature  i ncreases  wi th  l oad ,  
caused  by i ncreased  contact  res i stance  e. g .  due  
to  bad  or no  sol deri ng .  Cou l d  a l so  be  caused  by 
a  broken  ri bbon  or a  m issed  sol der poi n t  
between  ri bbon  and  cross  connector.  

Personal  revi ew by a  PV expert  or thermograph  
l evel  2  or equ i val ent  i s  recommended .  

 

Heated  modu le  
junction  box 

(crystal l ine  Si  and  
th in  fi lm)  

2-3  ≥  3  K  h i gher temperatu re  compared  to  
nearby j unction  box 

Assessable  by thermal  pattern ,  vi sual  image  and  
cl assi fi ed  typical l y as  a  po in t  abnormal i ty.  

Temperatu re  d i fference  i ncreases  wi th  l oad  
caused  by i ncreased  con tact  res i stance  wi th i n  
the  j u nction  box.  Al ternati vel y i t  cou ld  be  caused  
by l ow res i sti ve  bypass  d iodes  that  carry a  
s i gn i fi can t cu rren t a l though  they shou ld  be  
b iased  i n  reverse  d i rection .  

Personal  revi ew by a  PV expert  or 
thermographer l evel  2  or equ ivalen t  i s  
recommended .  Be  aware  of h i gh  vol tages.  

Source:  HaWe Eng ineering  GmbH .  
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Annex D  
( in formative)  

 
Polygon  measurement as  a  method  of evaluation  

For class i fication  and  p lausib i l i ty check of abnormal i ties,  temperatures  can  be  compared  by 
us ing  pol ygon  measurement areas  wi th  ari thmetic mean  temperatures  or spot-maximum  
temperatures.  

Example  1 :  

F i gu re  D. 1  shows  a  mean  ∆T of +  1 , 5  K at  the  g i ven  ambien t  parameters.  Th i s  i s  a  h i n t  that  the  modu l e  i s  not  i n  
open  ci rcu i t.  D i fferent  backsheets  wi th  d i fferen t heat d i ss ipati on  may be  the  reason .  

 

Image  i n formation :  F i l ename:  BU081 700;  Date:  1 7. 08. 201 4;  Time:  1 3 : 55: 02;  Em issivi ty:  0 , 83;  T
refl

:  -30  °C;  T
ai r
:  

20  °C;  Wind  speed :  3  to  4  bft,  east;  I rrad iance:  980  W/m ² ;  Modu le  effi ciency:  1 4  %  

Figure D. 1  – Ari thmetic mean  value  by polygon  measurement 

Example  2 :  

F i gu re  D. 2  shows  a  mean  ∆T of +  4 , 2  K at  the  g i ven  ambien t parameters.  Th i s  i s  the  expectation  i n  case  of open  

ci rcu i t.  Add i ti ona l l y  the  spot  ∆T of 1 6, 6  K ( -  4 , 2  K)  at  the  j unction  box i nd icates  acti ve  bypass  d iodes.  Probabl y a l l  
substri ngs  are  i n  open  ci rcu i t.  

IEC  
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Image  i n formation :  F i l ename:  BD081 773;  Date:  1 7. 08. 201 4;  Time:  1 3 : 00: 48;  Em issivi ty:  0 , 80;  T
refl

:  -30  °C;  T
ai r

:  
1 8  °C;  Wind  speed :  2  to  3  bft,  east;  I rrad iance:  980  W/m 2 ;  Modu le  effi ciency:  1 4  %  

Figure D.2  – Ari thmetic mean  and  spot value  
by polygon  measurement 

For long  term  comparis ion ,  e . g .  between  two i nspections,  the  temperature  d i fference ∆T of 
both  i nspections  shal l  be  normal i zed  to  1  000  W/m2  per 7. 4.  

Relati ve  power l oss  can  often  be  estimated  on  areas  wi th  a  homogenous  temperature  
d istribu tion  us ing  ari thmetic mean  temperatures  on  modu les  or ce l ls .  The  environmental  
cond i ti ons  (a i r temperatu re  Tai r,  wind  speed  in  Bft or m /s  and  d i rection ,  cloud  coverage  i n  okta  

and  type,  i rrad iance  in  p lane  of modu le  i n  W/m2 ,  efficiency of modu le)  shal l  be  taken  i n to  
account.  
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Annex E  
(informative)  

 
Beaufort scale  

Table  E . 1  shows  the  Beaufort Scale  (wind  force)  wi th  a  description  and  wind  speeds  i n  km  per 
hour.  For eas ier understand ing  a  description  i s  g i ven .  

Al l  g i ven  va lues  are  mean  wind  speeds,  typical l y over a  1 0  m in  period  by convention ,  and  not 
by gusts .  The  g i ven  wind  speeds  are  typica l l y measured  1 0  m  above g round .  Ground  wind  
speed  is  typ ical l y on l y 50  %  to  70  %  of the  g iven  wind  speeds.  

I n frared  imag ing  shou ld  be  done  wi th  maximum  4  bft.  Wi th  up  to  28  km/h  th is  i s  a l ready a  
s i gn i ficant  wind  speed  that wi l l  effect the  absolu te  measured  temperatures.  I t  may a lso  
change  thermal  grad ients  and  edge  effects .  

Table  E. 1  – Beaufort scale  taken  form  World  Meteorolg ical  Organ ization  
(www.wmo. int)  and  Royal  Meteorolog ical  Society (www.rmets.org)  

Wind  force 
i n  bft  

Wind  
description  

Wind  speed  
km/h  

Description  

0  Calm  <1  Smoke  ri ses  verti cal l y;  

Sea  l i ke  a  m i rror 

1  Light ai r 1  to  5  D i rection  shown  by smoke  d ri ft  bu t  not  by wi nd  vanes;  

Ripp les  wi th  the  appearance  of scales  are  formed ,  bu t  wi thou t  
foam  crests  

2  Light breeze  6  to  1 1  Wind  fel t  on  face;  l eaves  rustl e ;  wi nd  vane  moved  by wind ;  

Smal l  wavel ets ,  s ti l l  short  bu t  more  pronounced ;  crests  have  
a  g l assy appearance  and  do  not  break  

3  Gentle  
breeze  

1 2  to  1 9  Leaves  and  smal l  twigs  i n  constan t motion ;  l i gh t  fl ags  
extended ;  

Large  wavel ets;  crests  beg in  to  break;  foam  of g l assy 
appearance;  perhaps  scattered  wh i te  horses  

4  Moderate  
breeze  

20  to  28  Raises  dust  and  l oose  paper;  smal l  branches  moved ;  

Smal l  waves,  becom ing  l onger;  fa i rl y frequent wh i te  horses  

5  Fresh  breeze  29  to  38  Smal l  trees  i n  l eaf beg i n  to  sway;  crested  wavelets  form  on  
i n l and  waters;  

Moderate  waves,  taking  a  more  pronounced  l ong  form ;  many 
wh i te  horses  are  formed  (chance  of some spray)  

6  Strong  
breeze  

39  to  49  Large  branches  i n  motion ;  wh i s tl i ng  heard  i n  te l egraph  wi res ;  
umbrel l as  used  wi th  d i ffi cu l ty;  

Large  waves  beg in  to  form ;  the  wh i te  foam  crests  are  more  
extensive  everywhere  (probabl y some spray)  

7  Near gale  50  to  61  Whole  trees  i n  motion ;  i nconven ience  fel t  when  walking  
agai nst  the  wi nd ;  

Sea  heaps  up  and  wh i te  foam  from  breaki ng  waves  beg ins  to  
be  b l own  i n  s treaks  a long  the  d i rection  of the  wind  

8  Gale  62  to  74  Twigs  break off trees;  general l y impedes  prog ress;  

Moderatel y h i gh  waves  of g reater l ength ;  edges  of crests  
beg i n  to  break i n to  the  sp ind ri ft ;  the  foam  i s  b l own  i n  we l l -
marked  streaks  a long  the  d i rection  of the  wind  

9  Strong  gale  75  to  88  S l i gh t  s tructu ral  d amage  (ch imney pots  and  s l ates  removed );  

H igh  waves;  dense  streaks  of foam  along  the  d i recti on  of the  
wind ;  crests  of waves  beg in  to  toppl e,  tumble  and  ro l l  over;  
spray may affect vi s ibi l i ty  
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Wind  force 
i n  bft  

Wind  
description  

Wind  speed  
km/h  

Description  

1 0  Storm  89  to  1 02  Seldom  experi enced  i n l and ;  trees  uprooted ;  considerabl e  
s tructu ra l  damage;  

Very h i gh  waves  wi th  l ong  overhang ing  crests;  the  resu l ti ng  
foam ,  i n  g reat  patches,  i s  b l own  i n  d ense  wh i te  s treaks  a long  
the  d i rection  of the  wind ;  on  the  whole,  the  su rface  of the  sea  
takes  a  wh i te  appearance;  the  tumbl i ng  of the  sea  becomes  
heavy and  shock-l i ke;  vi s ibi l i ty affected  

1 1  Violent 
storm  

1 03  to  1 1 7  Very rarel y experi enced ;  accompan ied  by wi despread  
damage;  

Exceptional l y h i gh  waves  (smal l  and  med ium-sized  sh i ps  
m igh t  be  for a  t ime  l ost  to  vi ew beh i nd  the  waves);  the  sea  i s  
completel y covered  wi th  l ong  wh i te  patches  of foam  fl yi ng  
a l ong  the  d i rection  of the  wi nd ;  everywhere  the  edges  of the  
wave  crests  are  b l own  i n to  fron t;  vi s ib i l i ty affected  

1 2  Hurricane  >1 1 8  Devastation ;  

The  a i r i s  fi l l ed  wi th  foam  and  spray;  sea  completel y wh i te  
wi th  d ri vi ng  spray;  vi s ib i l i ty very seri ousl y affected  
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