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PHOTOVOLTAIC  SYSTEM PERFORMANCE –  

 
Part 2:  Capacity evaluation  method  

 
FOREWORD 

1 )  The  I n ternati ona l  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  n ati ona l  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  

i n ternati onal  co-operati on  on  a l l  q uesti ons  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 ternati onal  S tandards ,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  

Publ i cati on (s)” ) .  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati ona l  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen ta l  organ i zati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl ose l y 

wi th  the  I n ternati ona l  Organ izati on  for S tandard i zati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons .  

2 )  The  formal  deci s i ons  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  n earl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati ona l  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsi b l e  for the  way i n  wh i ch  they are  used  or for any 

m i s in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternati ona l  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  

transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati ona l  and  reg i onal  pub l i cati ons .  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati ona l  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any a ttestati on  of con form i ty.  I n dependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsi b l e  for any 

servi ces  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl u d i ng  i nd i vi 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 n d i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  pub l i cati on ,  u se  of,  or re l i ance  u pon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons .   

8 )  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  pub l i cati on .  U se  of the  referenced  publ i cati ons  i s  
i n d i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  sub j ect  of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsi b l e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

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

•  the  requ i red  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  u nder techn ical  development or where,  for any other reason ,  there  i s  the  
fu tu re  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject 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  61 724-2,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  82 :  Solar photovol taic energy systems.  
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The  text of th i s  techn ical  speci fication  i s  based  on  the  fo l lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/1 1 01 /DTS  82/1 1 59/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th i s  techn ical  speci fication  can  be  found  i n  
the  report on  voting  i nd icated  i n  the  above  table.  

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

A l i st  of a l l  parts  i n  the  I EC 61 724  series,  publ ished  under the  general  ti tl e  Photovoltaic 
system performance ,  can  be  found  on  the  I EC  websi te.  

The  commi ttee  has  decided  that the  con tents  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  
related  to  the  speci fic  publ ication .  At th i s  date,  the  publ ication  wi l l  be  

•   transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thd rawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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I NTRODUCTION  

The  performance  of a  PV system  is  dependent on  the  weather,  seasonal  effects,  and  other 
i n termi tten t i ssues,  so  measurement of the  performance  of a  PV system  i s  expected  to  g ive  
variable  resu l ts .  I EC  62446-1 ,  Photovoltaic (PV)  systems – Requirements for testing,  
documentation  and maintenance – Part 1  Grid connected – Documentation,  commissioning 
tests and inspection ,  describes  a  procedure  for ensuring  that the  p lan t i s  constructed  
correctl y,  bu t does  not attempt to  veri fy that the  ou tpu t of the  p lan t meets  the  design  

speci fications.  I EC  61 724-1 1 ,  Photovoltaic system performance – Part 1 :  Monitoring ,  defines  
the  performance  data  that may be  col lected ,  bu t does  not define  how to  analyze  that data  i n  
comparison  to  pred icted  performance.  ASTM  E2848-1 3  Standard test method for reporting 
photovoltaic non-concentrator system performance  d escribes  a  method  for determin ing  the  
power ou tpu t of a  photovol taic system  based  on  a  regression .  I EC  TS  61 724-3  Photovoltaic 
system performance – Part 3:  Energy evaluation  method  describes  a  one-year test that 
evaluates  performance  over the  fu l l  range  of operating  cond i ti ons  and  i s  the  preferred  method  
for evaluating  system  performance.  However,  i t  i s  essen tia l  that p lan t performance  can  a lso  
be  quan ti fied  wi th  a  shorter test,  even  i f there  can  be  h igher uncertain ty associated  wi th  that 
test.  Th is  document i s  designed  to  complete  an  evaluation  i n  a  short time  as  a  complement to  
I EC  TS  61 724-3.  As  a  capaci ty test,  i t  measures  power (not energy)  at  a  speci fied  set of 
reference  cond i tions  (wh ich  can  d i ffer from  standard  test cond i tions  that have  been  designed  
to  faci l i tate  i ndoor measurements) .  The  method  i n  I EC  TS  61 724-2  i s  a  non-regression-based  
method  for determin ing  power ou tpu t.  

Th is  method  uses  the  design  parameters  of the  plan t to  quan ti fy a  correction  factor for 
comparing  the  plan t’s  measured  performance  to  the  performance  targeted  under reference  
cond i ti ons.  I n  other words,  the  measured  performance,  ad justed  by the  correction  factor,  i s  
then  compared  wi th  the  target p lan t performance  to  i den ti fy whether the  p lan t operates  above  
or below expectations  at the  target reference  cond i tions.  

Mu l tip le  aspects  of PV system  qual i ty are  dependent on  both  the  weather and  the  system's  
qual i ty,  so  i t  i s  essentia l  to  have  a  clear understand ing  of the  system  being  tested .  For 
example,  the  modu le  temperature  i s  primari l y a  function  of i rrad iance,  ambien t temperature,  
and  wind  speed ,  a l l  of wh ich  are  weather effects  that can  be  d i ffi cu l t to  s imu late  precisely.  
However,  the  modu le-mounting  configu ration  a lso  affects  the  modu le  temperature,  and  the  
mounting  i s  an  aspect of the  system  that i s  being  tested .  Th is  document presen ts  a  process  
for test development and  clari fies  how measurement choices  can  affect the  ou tcome  of the  
test so  that users  can  benefi t from  streaml ined  test design  wi th  consisten t defin i tions,  wh i le  
sti l l  a l l owing  fl exibi l i ty i n  the  appl ication  of the  test so  as  to  accommodate  as  many un ique  
i nsta l lations  as  possible.  

I t  i s  to  be  noted  that when  the  ou tpu t of a  PV system  exceeds  the  capabi l i ty of the  i nverter,  
the  ou tpu t of the  system  i s  defined  more  by the  i nverter operation  than  by the  PV modu les.  I n  
th i s  case,  the  measurement of the  capaci ty of the  p lan t to  generate  electrici ty i s  compl icated  
by the  need  to  d i fferen tiate  s i tuations  i n  wh ich  the  i nverter i s  saturated  and  when  the  ou tpu t of 
the  PV system  reflects  the  modu le  performance.  For PV p lan ts  wi th  h igh  DC-to-AC power 
ratios,  the  operation  of the  p lan t can  reflect the  capabi l i ty of the  i nverters  for the  majori ty of 
the  day,  wi th  the  capabi l i ty of the  DC array on ly being  measurable  for a  short time  in  the  
morn ing  and  i n  the  even ing .  I n  th is  case,  i t  can  be  necessary to  d isconnect parts  of the  DC 
array to  reduce  the  DC-to-AC power ratio  during  the  measurement period .  

I EC  TS  61 724-2  i s  appl icable  to  times  when  the  system  i s  fu l l y avai l able.  

Methods  presen ted  i n  th i s  document can  be  used  i n  p lace  of ASTM  E2848-1 3  to  determine  
photovol taic system  performance.  

  

___________ 
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PHOTOVOLTAIC  SYSTEM PERFORMANCE –  
 

Part 2:  Capacity evaluation  method  
 
 
 

1  Scope 

Th is  part of I EC  61 724  defines  a  procedure  for measuring  and  analyzing  the  power production  
of a  speci fic  photovol taic system  wi th  the  goal  of evaluating  the  qual i ty of the  PV system  
performance.  The  test i s  i n tended  to  be  appl ied  during  a  re lati vely short time  period  (a  few 
relati vely sunny days).  

I n  th i s  procedure,  actual  photovol ta ic system  power produced  i s  measured  and  compared  to  
the  power expected  for the  observed  weather based  on  the  design  parameters  of the  system.  
The  expected  power under reference  and  measured  cond i tions  are  typical l y derived  from  the  
design  parameters  that were  used  to  derive  the  performance  target for the  p lan t as  agreed  to  
prior to  the  commencement of the  test.  For cases  when  a  power model  was  not developed  
during  the  p lan t design ,  a  s imple  model  that i ncreases  transparency i s  presen ted  i n  the  
annexes  as  a  possib le  approach .   

The  i n ten t of th is  document i s  to  speci fy a  framework procedure  for comparing  the  measured  
power produced  against the  expected  power from  a  PV system  on  re latively sunny days.  Th is  
test procedure  i s  i n tended  for appl ication  to  grid -connected  photovol ta ic systems  that i nclude  
at l east one  i nverter and  the  associated  hardware.  

The  performance  of the  system  i s  quan ti fied  both  during  times  when  the  i nverters  are  
maximum-power-poin t tracking  and  during  times  when  the  system  power i s  l im i ted  by the  
ou tpu t capabi l i ty of the  i nverter or i n terconnection  l im i t,  reducing  the  system  ou tpu t re lati ve  to  
what i t  wou ld  have  been  wi th  an  i nverter wi th  generation  freely fol l owing  i rrad iance,  i f th i s  
cond i ti on  i s  re levant.   

Th is  procedure  can  be  appl ied  to  any PV system,  i nclud ing  concen trator photovol ta ic 
systems,  using  the  i rrad iance  (d i rect or g lobal )  that i s  re levant to  the  performance  of the  
system.  

Th is  test procedure  was  designed  and  d rafted  wi th  a  primary goal  of faci l i tating  the  
documentation  of a  performance  target,  bu t i t  can  al so  be  used  to  veri fy a  model ,  track 
performance  (e. g . ,  degradation)  of a  system  over the  course  of mu l tip le  years,  or to  document 
system  qual i ty for any other purpose.  The  terminology has  not been  general ized  to  apply to  a l l  
of these  s i tuations,  bu t the  i n ten t i s  to  create  a  methodology that can  be  used  whenever the  
goal  i s  to  veri fy system  performance  at  a  speci fic  reference  cond i ti on  chosen  to  be  a  
frequen tly observed  cond i tion .  A more  complete  evaluation  of p lan t performance  can  be  
accompl ished  by using  the  complementary Techn ical  Speci fication  I EC  TS  61 724-3,  
Photovoltaic system performance – Part 3:  Energy evaluation  method .  

2  Normative  references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some  or a l l  of thei r 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly the  ed i tion  
ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  
any amendments)  appl ies.  
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I EC  61 724-1 2,  Photovoltaic system performance – Part 1 :  Monitoring  

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

I SO/IEC Gu ide  98-1 ,  Uncertainty of measurement – Part 1 :  Introduction  to the expression of 

uncertainty in  measurement  

ASME,  Performance Test Code 19. 1  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I EC  61 724-1 ,  I EC  TS  
61 836,  the  ASME Performance  Test Code  1 9. 1  and  the  fo l l owing  and  defin i ti ons  apply.  

I SO  and  I EC  main ta in  term inolog ical  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 lable  at h ttp: //www. iso. org/obp  

3.1   
constrained  operation  
operation  of a  p lan t i n  a  cond i ti on  when  a l l  i nverters  are  l im i ted  by the  capabi l i ty of the  
i nverters  (otherwise  referred  to  as  i nverter saturation)  rather than  by the  ou tpu t from  the  PV 
array,  as  i s  observed  for a  system  wi th  h igh  DC rating  relative  to  the  AC rati ng  and  when  the  
i rrad iance  i s  h igh  

3.2   
correction  factor 
ratio  of the  power expected  for the  reference  cond i tions  to  the  power expected  for the  
measured  cond i ti ons  

3.3   
curtai led  operation  
ou tpu t of the  i nverter(s)  i s  l im i ted  due  to  external  reasons  such  as  i nabi l i ty of the  l ocal  g rid  to  
receive  the  power or con tractual  agreement 

3.4  
expected  power  
power generation  of a  PV system  that i s  expected  for actual  weather data  col lected  at  the  s i te  
during  operation  of the  system  based  on  the  design  parameters  of the  system   

3.5   
measured  power 
electric power that i s  generated  by the  PV system  

Note  1  to  en try:  See  a l so  3 . 1 4  to  defi ne  the  l ocati on  of measu remen t.   

3.6   
model   
simu lation  model  used  to  calcu late  the  pred icted  or expected  PV power generation  based  on  
the  design  parameters  of the  system   

___________ 

2  U nder preparati on .  S tage  at  time  of publ i cati on :  I EC/FDIS  61 724-1 : 201 6 .  www.renews.pro
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3.7   
parties  to  the  test 
i nd ividuals  or compan ies  that are  applying  the  test  

Note  1  to  en try:  Common l y,  these  parti es  may be  the  PV customer and  the  PV i nsta l l er,  wi th  the  test  method  

appl i ed  to  defi ne  completi on  of a  con tract,  bu t  the  test  method  may be  appl i ed  i n  a  vari e ty of s i tuati ons  and  the  
parti es  to  the  test  may i n  some  cases  be  a  s i ng l e  i nd i vi dua l  or company.  

3.8   
performance  target 
power generation  expected  from  a  PV system  under reference  cond i tions  based  on  the  design  
parameters  of the  system  

3.9   
POA 
plane  of array 
physical  p lane  i n  wh ich  the  modu les  are  deployed  accord ing  to  the  orien tation  of the  system  
under test 

3.1 0   
system  operation  
attribu tes  of the  system  performance  that can  be  traced  to  the  qual i ty of operations  and  
main tenance  service  provided   

Note  1  to  en try:  For example ,  l ow ava i l ab i l i ty  of the  system  may be  a  resu l t  of s l ow response  to  a  d i srupti on .  

Note  2  to  en try:  I f d i fferen t  en ti ti es  are  responsi b l e  for the  i n sta l l ati on  and  the  operati ons ,  then  i t  i s  u sefu l  to  

d i s ti ngu i sh  between  aspects  of the  performance  that  are  traced  to  the  i n i ti a l  i nsta l l ati on  and  those  that  are  traced  
to  the  operati on .  

3.1 1   
system  qual i ty 
attribu tes  of the  system  performance  that can  be  traced  to  the  qual i ty of the  system  design ,  
the  qual i ty of the  system  components  and  the  qual i ty of i nsta l l ation  

Note  1  to  en try:  Genera l l y,  the  i nsta l l er i s  he l d  responsi b l e  for the  system  qua l i ty.  

3.1 2   
target power 
power generation  expected  from  a  PV system  at target reference  cond i tions  (TRC)  based  on  
the  design  parameters  of the  system  

3.1 3   
target reference conditions  
TRC  
reference  cond i tions  at wh ich  the  expected  power i s  the  target power,  wh ich  i nclude  
i rrad iance,  ambien t temperature,  wind ,  and  any other parameter used  to  define  the  target 
performance  

Note  1  to  en try:  See  6 . 1 . 3 .   

3.1 4  
test  boundary 
physical  d i fferentiation  between  what i s  considered  to  be  part of the  system  under test and  
what i s  ou ts ide  of the  system  

Note  1  to  en try:  I n  add i ti on  to  d efi n i ng  the  phys i cal  boundari es  and  wh ich  e l ectri ci ty meter i s  q uan ti fyi ng  the  

e l ectri ci ty producti on ,  the  test  boundary defi n i ti on  i ncl udes  the  l ocation ,  type ,  and  accu racy cl ass  of a l l  
measu rement devi ces.  

Note  2  to  en try:  To  faci l i tate  the  descri pti on  of the  test  method ,  th i s  documen t defi nes  a  defau l t  test  boundary.  

Ambien t temperatu re  and  wi nd  speed  l i e  ou ts i de  of th i s  d efau l t  test  boundary.  When  th i s  s tandard  i s  appl i ed  us i ng  
class  A (h i gh  preci s i on )  measu remen ts  as  defi ned  i n  I EC  61 724-1 ,  so i l i n g  wi l l  l i e  i n s i de  of the  defau l t  test  
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boundary,  cons i sten t  wi th  the  I EC  61 724-1  cl ass  A requ i remen t that  the  sensors  be  cl eaned ,  q uan ti fyi ng  the  
i rrad i ance  wi thou t  i n terference  from  soi l i ng .  When  th i s  s tandard  i s  appl i ed  u s i ng  cl ass  B  (med i um  preci s i on )  
measu rements  as  defi ned  i n  I EC  61 724-1 ,  soi l i ng  wi l l  l i e  ou ts i de  of the  d efau l t  test  boundary and  i t  i s  expected  that 
sensors  wi l l  n ot  be  cl eaned ,  a l l owi ng  soi l i ng  to  be  cons i dered  as  part  of the  weather.  The  a l i gnmen t  of the  array i s  

brough t  i n s i de  of the  test  boundary by con fi rm ing  the  a l i gnmen t of the  p l ane  of array sensor.  The  parti es  to  the  test  
may defi ne  the  test  boundary however they wi sh ;  the  defau l t  test  boundary i s  defi ned  on l y as  a  tool  to  cl ari fy the  
app l i cati on  of the  test  method  described  here  and  as  an  example  for how to  defi ne  the  test  boundary.  H owever,  i f 

the  pu rpose  of appl i cati on  of the  test  i s  to  measu re  d egradati on  rates  on  smal l  systems,  i t  may be  preferable  to  
measu re  modu le  temperatu re  i n  consi sten t  l ocati ons  on  the  modu l es.  

3.1 5  
unconstrained  operation  
ou tpu ts  of a l l  i nverters  freely fo l l owing  the  DC array’s  capabi l i ty to  respond  to  the  solar 
i nsolation  rather than  being  l im i ted  by the  capabi l i ty of the  i nverters  or curta i l i ng  i n fluences  

3.1 6   
maximum-power-point  tracking  
i nverter accurately maxim izing  the  DC  array’s  ou tpu t  

4 Test scope,  schedule  and  duration  

Th is  test may be  appl ied  at  one  of several  l evels  of g ranu lari ty of a  PV p lan t.  The  users  of the  
test shal l  agree  upon  the  l evel (s)  at wh ich  the  test wi l l  be  appl ied .  The  smal lest l evel  at  wh ich  
the  test may be  performed  i s  the  smal lest l evel  of AC power generati ng  assembly capable  of 
i ndependent on-grid  operation .   

When  PV plan t construction  i s  d ivided  i n to  phases,  i t  i s  recommended  that the  test be  appl ied  
at the  h i ghest l evel ,  that wh ich  encompasses  the  en ti re  PV project.  However,  the  test may be  
appl ied  to  smal l er subsets  of the  p lan t as  they become  avai lable  for i n terconnection .  I f 
desi red ,  upon  fu l l  p l an t completion  the  test may be  appl ied  again  i n  a  way that encompasses  
the  en ti re  p lan t,  taking  i n to  accoun t expected  degradation  i n  accordance  wi th  the  model  
accepted  by the  parties  to  the  test as  wel l  as  soi l i ng  l evels  i f not able  to  wash  the  enti re  array 
before  testing .  I n  every case,  the  system  boundary and  test boundary shal l  be  expl ici tl y 
defi ned .  

Some  PV modu les  show measurable  performance  changes  wi th in  hours  or days  of being  
i nstal led  i n  the  fi el d ;  others  do  not.  The  time  duration  of the  test shou ld  be  negotiated  
between  the  parties  us ing  the  manufacturer’s  gu idance  for the  number of days  of exposure  or 
the  i rrad iance  exposure  needed  for the  p lan t to  reach  the  targeted  performance  a long  wi th  the  
detai l s  of the  actual  i nsta l l ation  and  i n terconnection  dates.  Any metastabi l i ty (variation  i n  
modu le  efficiency that depends  on  previous  operating  cond i tions)  and  degradation  
assumptions  ( i nclud ing  those  wi th  short and  long  time  constan ts)  shou ld  be  agreed  to  by a l l  
parties  and  documented  as  part  of the  target description .   

NOTE  1  N ewly i n sta l l ed  modu l es  can  undergo  l i gh t  i n duced  d egradati on  (L ID) ,  a  transi en t  effect  that  reduces  the  

photovol ta i c  convers ion  effi ci ency of the  modu l es  when  exposed  to  l i g h t.  

NOTE  2  The  effi ci ency of some  modu les  can  vary over a  year depend i ng  on  i rrad i ati on  and  temperatu re  h i s tory 
d ue  to  metastab i l i t i es .   

I t  i s  recommended  that the  test i nclude  data  from  at l east two  days  i f su fficien t stable  data  are  
acqu i red .  The  test may be  extended  to  seven  or more  days  i f desi red  to  assess  repeatabi l i ty 
or i f weather i s  volati le .  The  fi l tering  cri teria  for se lecting  relatively stable  times  are  described  
i n  Clause  6 .   

The  test may be  completed  at any time  of year,  though  the  deviation  from  reference  
cond i ti ons  and  the  effects  of variable  ang le  of i ncidence  may i ncrease  the  uncertain ty at  some  
times  of the  year.   

Al l  parties  to  the  test shou ld  agree  on  a  deta i l ed  test procedure  before  the  test commences  as  
described  i n  C lauses  5  and  6 .  www.renews.pro
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5 Equ ipment and  measurements  

Measurement equ ipment and  procedures  for a l l  measured  parameters  are  recommended  to  
conform  to  class  A requ i rements  i n  I EC  61 724-1 .  However,  a  class  B  or class  C  evaluation  
may a lso  be  completed  and  documented  i n  the  final  report.   

Us ing  the  defau l t  test boundary,  the  weather i s  characterized  by:  

•  p l ane  of array i rrad iance  (g lobal  for flat-p late  and  d i rect for concentrator systems;  for 
systems  wi th  mu l tip le  orien tations,  see  Annex C);  

•  ambien t temperature;  

•  wind  speed .  

I f add i tional  characterization  of the  weather i s  requ i red  for implementation  of the  agreed-upon  
model ,  these  data  shal l  be  col l ected  i n  a  manner consisten t wi th  the  derivation  of the  targeted  
performance  and  documented  i n  the  detai l ed  test procedure.  

The  system  ou tpu t i s  characterized  by:  

•  rea l  AC  power del i vered  to  the  grid  or l oad  at the  system/test boundary;  

•  reactive  AC  power or power factor i f real  power i s  dependent on  changes  i n  power factor;  

•  the  i nverter state  (whether the  i nverter i s  tracking  the  maximum  power or whether i t  i s  
operating  i n  a  constrained  mode,  l im i ted  by i ts  ou tpu t capaci ty) .  

The  defin i tion  of the  AC power,  i ncl ud ing  the  poin t of measurement (such  as  at a  u ti l i ty-grade  
meter at the  poin t  of i n terconnection )  i s  documented  as  part  of the  " test boundary"  defi n i tion  
(3. 1 4) .  I f parasi tic  l oads  ou tside  the  system  boundary exist (e. g .  trackers),  the  con tract or test 
defi n i tion  defi nes  whether ad justments  are  made  for these,  and ,  i f so,  how these  ad justments  
are  characterized .  

Al l  detai l s  of data  col lection  ( includ ing  sensor number,  cal ibration ,  i nsta l l ation  l ocation ,  and  
clean ing)  shal l  fo l low I EC  61 724-1  accord ing  to  the  chosen  class  of measurement wi th  the  
exception  of the  fo l l owing .  

•  The  type  of sensor and  sensor posi ti on ing  shal l  be  consisten t wi th  the  power performance  
model  that i s  being  used  for the  test (wh ich  may d i ffer from  the  energy performance  
model ) .  Temperature  sensors  shou ld  measure  ambien t temperature  i n  order to  account for 
the  effects  of modu le  moun ting .  However,  model l i ng  of modu le  temperature  may vary from  
day to  day due  to  variation  of sky temperature  and  other cond i tions,  i ncreasing  uncerta in ty 
i n  the  measurement,  and  motivati ng  the  use  of the  modu le  temperatu re  i f i t  i s  viewed  to  
provide  better reproducibi l i ty.  I f modu le  temperature  i s  to  be  measured ,  the  location  of the  
measurement shou ld  be  agreed  upon  in  advance  by the  parties  of the  test.  

NOTE  Often  the  fi na l  uncerta i n ty of the  measu remen t i s  dom inated  by the  uncerta i n ty of the  i rrad iance  

measu rement,  so  h i gh -accu racy sensors  are  desi red .  

•  The  time  record  for the  vi sual  i nspection  and  clean ing  by hand  of i rrad iance  sensors  
during  the  test shal l  be  documented .   

•  I rrad iance  sensor(s)  are  moun ted  i n  the  p lane  of the  array wi th  an  a l ignment accuracy as  
speci fied  by class  A,  B ,  or C  i n  I EC  61 724-1 .  For the  case  of arrays  wi th  modu les  that are  
not a l l  wi th in  one  p lane,  see  Annex C.  

•  When  i rrad iance  sensors  are  deployed  on  a  ti l ted  p lane,  the  ground  a lbedo  for the  area  
near the  sensors  shou ld  be  representati ve  of the  g round  a lbedo th roughou t the  array.  Any 
anomal ies  i n  g round  a lbedo  shou ld  be  d i scussed  i n  the  uncertain ty analysis  of the  test.   

•  For class  A tests,  because  the  i rrad iance  measurement i s  so  crucial  to  the  test,  the  
ca l ibrations  shou ld  be  i ndependently veri fied  e i ther by using  sensors  cal ibrated  at d i fferen t  
test l ocations  or at  d i fferen t times  so  as  to  preven t a  systematic b ias  to  the  cal ibration .  
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•  Data  shal l  be  fi l tered  to  i den ti fy times  of stable  operation  under fu l l  sun  as  described  i n  
C lause  6 .  

•  Data  are  col lected  both  for “unconstrained”  and  “constrained”  operation ,  i f re levan t.  Any 
periods  affected  by grid  ou tages  or other anomalous  states  shou ld  be  removed  from  the  
analysis.  

6 Procedure 

6.1  Documentation  of the  performance  targets  under “unconstrained”  and  
“constrained”  operation  

6. 1 . 1  General  

The  expected  power ou tpu t and  the  associated  reference  cond i tions  shal l  be  defined  both  for 
“unconstrained”  operation  and  for “constrained”  operation ,  i f re levan t,  as  described  i n  6 . 1 . 2  to  
6 . 1 . 8 .  

6.1 .2  Defin i tion  of test  boundary to  al ign  wi th  in tended  system  boundary 

Th is  test method  i s  i n tended  to  quan ti fy the  performance  of a  system,  bu t the  resu l t  of the  test 
can  depend  on  what i s  considered  to  be  part of the  system.  The  parties  to  the  test shal l  agree  
on  the  defin i ti on  of the  system  i nclud ing :   

•  the  meter(s)  that defines  the  ou tpu t of the  system;  

•  aspects  of system  design  that are  being  tested  such  as  whether modu les  are  moun ted  
accord ing  to  the  design  ( ti l t,  azimuth ,  he igh t,  racking  design)  a l lowing  the  expected  
cool ing  and  capture  of sun l i gh t;  

•  aspects  of system  operation  that are  being  tested  such  as  whether the  soi l i ng  l evel  wi l l  be  
considered  as  part of the  test.  

The  test boundary shal l  be  a l i gned  wi th  the  system  boundary i n  order to  have  the  resu l t  of the  
test refl ect the  performance  of the  system  under test.   

6.1 .3  Defin i tion  of the  reference  conditions  for “unconstrained”  operation  

Target reference  cond i ti ons  (TRC)  for unconstrained  operation  are  defined  for the  
performance  target (see  6 . 1 . 4).  TRC shou ld  be  chosen  so  as  to  resu l t  i n  unconstrained  
operation  ( i . e.  wi th in  the  i nverter’s  capabi l i ty)  and  the  i rrad iance  cond i tion  may d i ffer from  
1  000  W/m 2  i f the  p lan t i s  designed  to  be  constrained  by the  i nverter’s  capabi l i ty at 
1  000  W/m 2 .  Preferably,  the  TRC are  chosen  to  reflect an  ambien t temperature  and  wind  
speed  that are  frequently observed  at  the  s i te  and  the  h ighest i rrad iance  that i s  un l ikely to  
cause  constrained  operation  (when  the  i nverter has  reached  the  l im i t  of i ts  capabi l i ty)  for the  
l owest temperature  expected  to  be  i ncluded  in  the  test.  The  optimal  choice  of TRC may 
depend  on  the  weather during  the  test.  However,  use  of the  design  parameters  for the  p lan t 
as  the  basis  for the  model  shou ld  reduce  the  error of correcting  for the  variations  i n  
cond i tions,  reducing  the  need  to  have  the  TRC a l i gn  exactly wi th  the  cond i tions  during  the  
measurement.  The  TRC shou ld  be  agreed  upon  by a l l  parties  to  the  test before  
commencement of the  test.  

The  sources  of the  i rrad iance,  ambien t temperature,  wind  speed ,  and  any other 
meteorolog ical  data  shal l  be  described  so  that the  defin i tion  of the  TRC wi l l  be  unambiguous.  
Data  col lection  requ i rements  defi ned  i n  I EC  61 724-1  shal l  be  fol l owed  accord ing  to  the  
desi red  mon i toring  cl ass  A,  B ,  or C  except as  noted  i n  Clause  5.  These  shou ld  be  
documented  as  speci fical l y as  possib le  i n  the  detai led  test procedure  before  the  test 
commences  (e. g .  sensor type,  l ocation ,  cl ean ing  and  cal ibration ,  and  any add i tional  relevant 
i n formation).  
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6.1 .4 Defin i tion  of the  performance  target under “unconstrained”  and  “constrained”  
operation  

The  targeted  system  outpu t i s  defi ned  for “unconstrained”  operation  under the  TRC defined  i n  
6 . 1 . 3  and  a  model  that defines  how the  power varies  wi th  i rrad iance,  temperatu re,  and  wind  
us ing  the  design  parameters  of the  p lan t.  The  rationale  for the  performance  target shal l  be  
agreed  to  by a l l  parties  of the  test.  For s i tuations  when  the  p lan t design  was  developed  based  
on  a  model  for the  energy ou tpu t,  translating  that energy model  i n to  a  power model  or deriving  
a  power model  from  measured  data  on  a  s im i l ar p lan t can  i n troduce  anomal ies  i n  the  power 
model .  For example,  appl ication  of l i near regression  to  subsets  of data  during  d i fferen t times  
of the  year may resu l t  i n  variable  observed  temperature  coefficien ts.  I n  th is  case,  where  a  
power model  was  not created  during  the  i n i tia l  design  of the  system,  i t  i s  recommended  that 
the  rationale  be  described  by us ing  a  s imple  model  that starts  wi th  the  name  p late  rating  and  
appl i es  loss  factors  that can  be  clearly understood  such  as  l oss  factors  for i nverter efficiency,  
cabl ing  l osses,  m ismatch  losses,  etc.  and  appl i es  a  temperature  coefficien t that can  be  
d i rectl y re lated  to  the  modu le  performance.  I t  i s  to  be  noted  that a  model  that i ncludes  
shad ing  l osses  i s  importan t for pred icting  the  energy from  a  p lan t,  bu t th is  capaci ty test i s  
i n tended  to  document performance  when  there  i s  no  shad ing ,  so  a  s imple  model  can  replace  
the  more  complex model ,  i ncreasing  the  transparency of the  test procedure.  

Typical l y,  i t  i s  assumed  that the  p lan t i s  being  assessed  i n  an  “as- instal led ”  state  that i s  
nominal l y clean .  I f the  assessment i s  completed  at  a  time  when  the  p lan t may have  become 
soi led ,  the  soi l i ng  l oss  may ei ther be  i ncluded  as  one  of the  loss  factors  or the  p lan t has  to  be  
cleaned  before  the  assessment.  

I f a  complex model  i s  used ,  the  model  may be  defined  as  described  i n  I EC  TS  61 724-3  and  
the  test appl ied  ensuring  that the  model  i s  consisten tl y appl i ed  for both  the  target and  
measured  cond i tions.  

The  performance  target under “constrained”  operation  i s  typical l y defined  by the  capabi l i ty of 
the  i nverter.  I f th is  va lue  i s  i ndependent of operati ng  cond i tions,  veri fication  of operation  i n  the  
“constrained”  state  i s  stra igh tforward  and  may not be  of concern  for the  parties  of the  test.  
However,  i f a  system  is  i n tended  to  operate  i n  the  “constrained”  state  for many hours  of the  
year,  i t  i s  h igh ly recommended  to  confi rm  correct operation  i n  the  “constrained”  state.  

6.1 .5  Defin i tion  of the  temperature  dependence  of the  plant  output under 
“unconstrained”  operation  

I f a  temperatu re  model  has  been  defined  for the  p lan t,  th i s  shou ld  be  used  preferen tia l l y.   

I f the  model  uses  wind  speed  as  an  i npu t,  the  location  ( includ ing  heigh t)  of the  wind  sensor 
shou ld  be  speci fied .  

I f a  temperature  model  has  not been  defined ,  a  possible  model  i s  provided  i n  Annex A.  I t  i s  
preferable  to  use  a  temperature  model  based  on  ambien t temperature  and  wind  speed  rather 
than  measuring  the  back-of-modu le  temperatu re  because  the  assessment then  i ncludes  some 
aspects  of the  modu le  moun ting  that cou ld  cause  the  modu les  to  run  hot and  because  i t  
avoids  the  chal lenges  of characterizing  the  modu le  temperature,  wh ich  may be  h igh ly variable  
across  the  fie ld .  However,  a l though  the  model  i n  Annex A has  been  demonstrated  to  provide  
accurate  model l ing  of the  average  cel l  temperatu re,  from  day to  day i t  may resu l t  i n  variable  
accuracy caused  by variation  i n  sky temperatu re  or other cond i tions.  The  parties  to  the  test 
shou ld  choose  the  approach  that provides  the  best resu l t  for the  g i ven  s i tuation .  I f measuring  
the  modu le  temperatu re  rather than  the  ambien t temperatu re  i s  chosen ,  then  there  may be  a  
separate  veri fi cation  to  ensure  that the  modu les  are  operating  at a  temperatu re  that i s  
consisten t wi th  the  p lan t’s  design  speci fication .  Suggestions  on  how to  accurately measure  
the  back-of-modu le  temperature  may be  found  i n  Annex B  of I EC  61 724-1 : 201 6.  

I n  any case,  the  model  shal l  be  agreed  to  by the  parties  to  the  test before  the  test and  
documented  i n  the  test report;  I EC  TS  61 724-3  provides  gu idance  on  documenting  a  complex 
model .  
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6.1 .6  Defin i tion  of i rradiance  dependence 

The  p lan t ou tpu t as  a  function  of i rrad iance  shal l  be  defined  by the  power model  agreed  to  by 
the  parties  of the  test.  Practi tioners  shou ld  choose  a  power model  based  on  the  design  
parameters  of the  system.  I f a  complex computer program  is  used  as  the  power model ,  the  
power model  shou ld  be  documented  as  described  i n  I EC  TS  61 724-3  a long  wi th  the  
performance  target.  The  i rrad iance  fi l ter appl ied  wi th  Table  1  shou ld  be  veri fied  to  be  
consisten t wi th  the  functional  range  of the  model  used  to  determine  the  correction  equations.  
For example,  the  p lan t ou tpu t may be  assumed  to  be  l i near wi th  i rrad iance  in  a  l im i ted  
i rrad iance  range,  such  as  ±20  %.  Any added  uncertain ty shou ld  a lso  be  documented .  An  
example  of a  s imple  model  i s  g iven  i n  Annex B.  

6.1 .7  Defin i tion  of the  performance  target under “constrained”  operation  

The  performance  under “constrained”  operation  may be  equ ivalen t to  the  AC rating  of the  
i nverter ad justed  for any l osses  between  the  i nverter and  measurement l ocation  for AC  power 
and  i s  documented  as  such .  I f the  performance  under “constrained”  operation  can  depend  on  
the  ambien t temperatu re  or other cond i tion ,  th is  shal l  be  documented  as  wel l .   

I f the  performance  under “curtai led ”  cond i tions  i s  con trol led  by an  external  party,  the  
assessment of performance  under such  cond i tions  may be  excluded  from  the  assessment,  
wi th  agreement from  both  parties  to  the  test.  

Measurement under the  “constrained”  cond i tion  may be  omi tted ,  at  the  d i scretion  of those  
requesting  the  test.  

6.1 .8  Uncertainty defin i tion   

Test uncerta in ty shou ld  be  computed  as  described  i n  6 . 5.  The  uncertain ty defin i tion  and  i ts  
role  i n  defi n ing  the  pass/fa i l  test ou tcome  comparing  the  targeted  and  measured  power shal l  
be  agreed  upon .  I t  i s  h igh ly recommended  that th is  agreement be  documented  prior to  the  
test.  

NOTE  Typi cal l y,  the  uncerta i n ty ag reed  to  by the  parti es  typ i ca l l y forms  a  d ead  band  around  any target.  Th i s  dead  

band  i s  to  the  d i sadvan tage  the  a l l  parti es  of the  test,  so  shou l d  be  kept  as  smal l  as  possi b l e .  A 95  %  con fi dence  
i n terval  i s  a  common  i ndustry practice .   

Strateg ies  for reducing  uncerta in ty i nclude:  

•  u se  of h i gher qual i ty i rrad iance  sensors  and /or use  data  from  mu l tip le  sensors  for each  
weather station  deployed ,  fi rst  d i scard ing  erroneous  data  from  mal function ing  or shaded  
sensors,  then  averag ing  the  remain ing  data  poin ts  for each  measurement;  

•  u se  of mu l tip le  sensors  e i ther to  add  redundancy or to  document variabi l i ty of that 
parameter;  

•  paying  special  atten tion  to  possib le  shad ing  and  soi l i ng  of i rrad iance  sensors,  as  wel l  as  
correct i n -plane  ad justment;  

•  comparing  data  to  other s im i lar measurements  obtained  nearby to  detect and  resolve  
problems  qu ickly;  on  re lati vely sunny days,  data  may be  compared  d i rectly;  on  cloudy 
days,  comparison  of i n tegrated  data  may provide  better i den ti fi cation  of problems  
depend ing  on  the  d i stance  between  sensors.  

6.2  Measurement of data   

6.2 .1  General  

The  power ou tpu t,  i rrad iance,  temperature,  wind  speed ,  state  of clean l iness  of both  the  
sensors  and  PV systems,  and  any other data  are  col lected  over several  days.  
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6.2.2  Data  checks  for each  data  stream 

Each  data  stream  shal l  be  checked  for data  ou t of range  or unreasonable  trends  as  described  
i n  I EC  61 724-1 .  A recommendation  for appl ication  of th is  procedure  for th is  appl ication  i s  
g iven  i n  more  detai l  i n  Table  1  wi th  va lues  suggested  when  the  col lected  data  have  been  
averaged  over 1 5-min  time  periods.  Depend ing  on  the  l ocal  cond i ti ons,  the  detai l s  of the  p lan t 
design ,  the  add i tion  of other data  streams  and  the  frequency of data  col lection ,  the  fi l tering  
cri teria  may be  mod i fied ,  bu t a l l  four types  of fi l ters  (range,  dead  value,  abrupt 
change/stabi l i ty and  i nverter status,  as  ou tl i ned  i n  Table  1 )  shal l  be  appl i ed  and  documented  
as  part  of the  fi nal  report.   

The  i nverter's  sel f-reported  ou tpu t power or i nverter's  sel f-reported  status  flags  are  used  to  
i den ti fy when  the  i nverter operation  i s  constrained .  I f the  status  fl ags  are  not avai lable,  the  
data  may be  screened  for reporting  va lues  near the  maximum  capabi l i ty of the  i nverter.  
Records  are  categorized  accord ing  to  whether zero  i nverters  are  constrained ,  a l l  i nverters  are  
constrained ,  or some,  bu t not a l l ,  are  constrained .  I n  the  fi rst case,  data  records  can  be  
treated  as  unconstrained .  I n  the  second  case,  data  records  can  be  treated  as  constrained .  I n  
the  th i rd  case,  data  records  cannot be  used  for evaluati ng  system  performance.  I f the  state  of 
any i nverter changes  during  the  record ing  period ,  that data  poin t shal l  be  excluded  from  the  
analysis.  

Table  1  – Data  val idation  and  fi l tering  cri teria  

  Suggested  cri teri a  for fl agg ing  rejected  data  (1 5-min  data)  

F lag  type  Description  
I rrad iance  
(W/m 2 )  

Ambient 
temperature  (°C)  

Wind  speed  
(m/s)  

Power (AC  
power rati ng )  

Range  Val ue  ou tsi de  of 
acceptabl e  bounds  

<  0 , 5 ⋅TRC 
i rrad i ance  

or >  1 , 2 ⋅TRC b  

>  50  or <  − 1 0  a  > 1 5  or <  0 , 5  >  1 , 02 ⋅ rati ng  or 

<  −0, 01 ⋅ rati n g  

Dead  
val ue  

Va l ues  stuck at  a  
s i n g l e  va l ue  over t ime.  
Detected  u s i ng  

deri vati ve.  

Deri vati ve   
<  0 , 000   1  wh i l e  
va l ue  i s  >  5  

<  0 , 000   1  and   

>  −0, 000   1  

<  sensi ti vi ty of 
sensor 

<  0 , 1  %  change  i n  
3  read ings  

Abrupt  
change  
and  

s tabi l i ty  

Va l ues  change  
unacceptabl y between  
data  po i n ts .  Detected  

u s i ng  derivati ve  for 
temperatu re  and  wi nd  
speed .  

Assuming  1 5  m in  
data  deri ved  from  
at  l east  1  m i n  

data ,  s tandard  
devi ati on  >  5  %  of 
average  

>  4  >  1 0  Assuming  1 5  m i n  
data  deri ved  from  
at  l east  1  m i n  

data ,  s tandard  
devi ati on  >  5  %  of 
average  

I nverter 

s ta tus  

The  states  of the  

i nverters  are  
i ncons i sten t  (not  a l l  a re  
constrai ned  – see  text)  

Not  appl i cabl e  Not  appl i cabl e  Not  appl i cabl e  Not  appl i cabl e  

NOTE  1  The  i rrad i ance  fi l teri ng  may be  ad j usted  to  a l i gn  wi th  the  range  of l i n ear system  performance  wi th  

i rrad i ance.  F l agged  data  are  cons i dered  for excl usi on  and  d ocumen ted  i n  the  test  report  regard i ng  the  ra ti onale  
for excl us i on .  

NOTE  2  Poten ti a l - i nduced  degradati on  (P ID)  effects  may s tart  to  reduce  the  power ou tpu t a t  l ow i rrad i ance  

cond i ti ons  remarkabl y,  wi thou t  a  measu rab le  effect a t  h i gh  i rrad i ance.  Earl y detecti on  of evi dence  of P ID  i s  
ou ts i de  the  scope  of th i s  test.  

a  May be  ad j usted  depend i ng  on  the  season  of d ata  acqu i s i ti on .  

b  The  maximum  i rrad i ance  i ncl uded  i n  the  anal ys i s  may be  ad j usted  to  accoun t  for the  poss ib i l i ty of cl oud  edge  
effects ,  whereby l i gh t  i s  scattered  by a  nearby cl oud  and  can  cause  i rrad i ance  read i ngs  up  to  approximate l y 
1   500  W/m

2 .  For most  systems,  these  cond i ti ons  wi l l  cause  satu rati on  of the  i nverter,  and  wi l l  typ i ca l l y be  

excl uded  from  the  eva l uated  data  by the  s tabi l i ty fi l ter.  

 

The  stabi l i ty fi l ter recommended  here  calcu lates  the  average  of at l east 1 5  data  poin ts  
(measured  at  l east every m inu te  du ring  1 5  m in )  and  confi rms  that the  standard  deviation  for 
those  data  poin ts  i s  l ess  than  5  %  of the  average  of the  same  data  poin ts.  Applying  the  
stabi l i ty fi l ter to  both  the  i rrad iance  and  power data  i s  recommended .  www.renews.pro
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The  number of data  poin ts  i den ti fied  as  meeting  the  cri teria  i n  Table  1  wi l l  affect the  
uncertain ty of the  test.  As  a  gu ide  to  determin ing  an  adequate,  yet reasonable,  number of 
data  poin ts,  Table  2  may be  used .  The  l arger number of data  poin ts  during  the  summer 
reflects  the  ease  of col lecting  more  data  on  l onger days  and  i s  expected  to  resu l t  i n  a  h igher 
accuracy measurement,  depend ing  on  the  l ocal  weather.  Locations  that se ldom  experience  
clear,  sunny days  may requ i re  longer data  col l ection  times  or reduction  of the  targeted  
number of data  poin ts,  resu l ti ng  i n  h i gher test uncerta in ty.  For CPV appl ications,  Table  2  i s  
not d i rectl y re levant.  For CPV,  after fi l teri ng  for stable  cond i ti ons,  the  data  col lected  shou ld  
i nclude  at l east 30  data  poin ts  (assuming  1 5  m in  averages)  or at l east 7 , 5  h  of fi l tered  data  i f 
averages  for a  d i fferen t time  period  are  used .  

For systems  wi th  h i gh  DC-to-AC power ratios,  the  number of data  poin ts  acqu i red  for 
“unconstrained”  operation  may be  an  i nsu fficien t sample  s ize.  I f the  test cannot be  completed  
because  of th is ,  or i f there  i s  concern  that the  characterization  on ly during  early morn ing  and  
late  afternoon  wi l l  cause  b ias  i n  the  resu l ts ,  the  defin i tion  of the  system  boundary and  the  
TRCs shou ld  a lso  d i rect that a  fraction  of the  PV stri ngs  wi l l  be  temporari l y d isconnected  to  
reduce  the  DC-to-AC power ratio.  

Table  2  – Example  gu ide  for seasonal  m in imum   
stable  i rradiance  requ irements  for flat-plate  appl ications   

Season  (northern  

hemisphere)  
Dates  

M in imum  POA 

i rradiance  (W/m 2 )  
Requ i red  number of 1 5-
min  average  data  poin ts  

Winter 22/1 1  to  21 /1  450  20  

Spri ng  22/1  to  23/3  550  30  

Summer 24/3  to  21 /9  650  60  

Au tumn  22/9  to  22/1 1  550  40  

 

The  data  may a lso  be  screened  accord ing  to  normal  function  of the  system.  Time  periods  for 
wh ich  tracker mal function  or system  soi l i ng  wou ld  affect the  resu l ts  of the  test may be  omi tted  
or i ncluded  depend ing  on  the  purpose  of appl ication  of the  test.  These  i nclusions  or 
exclusions  shou ld  be  reported  as  part of the  test report (see  Clause  8 ,  i tem  8)) .   

6.2.3  Shading  of i rradiance  sensor  

Because  of the  sensi ti vi ty of the  test to  the  i rrad iance  data,  special  atten tion  shal l  be  g iven  to  
the  i rrad iance  data.  Speci fical l y,  i rrad iance  data  that may resu l t  from  acciden tal  shad ing  of a  
sensor or sensor mal function  shou ld  be  removed  before  taking  the  average  of the  data  from  
the  remain ing  sensors.  The  use  of mu l tip le  sensors  at each  weather station  i s  especial l y 
helpfu l  for i den ti fying  i ssues  wi th  shad ing  of some sensors.   

Add i tional l y,  i f an  i rrad iance  sensor i s  not correctl y orien ted  (e. g .  i f moun ted  on  a  tracker and  
the  tracker stops),  the  data  from  th is  sensor shou ld  be  re jected .  

6.2.4 Cal ibration  accuracy  

Al l  sensors  shal l  have  accurate  cal ibrations  to  provide  a  test resu l t wi th  l ow uncerta in ty 
consisten t wi th  the  requ i rements  described  i n  I EC  61 724-1  for the  desi red  class  of 
measurement.  

6.2.5  Using  data  from  mu ltiple  sensors   

6.2 .5. 1  General  

I n  the  case  where  mu l tip le  sensors  have  been  used ,  i f data  i nspection  i den ti fies  errors  i n  the  
ou tpu t of a  sensor,  that data  shou ld  be  d i scarded  before  taking  the  average  of the  data  pool .  
Th is  action  shou ld  be  done  on ly wi th  mu tual  consen t of the  parties.   www.renews.pro
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6.2.5.2  Mu l tiple  i rradiance  sensors  

The  i rrad iance  used  as  i npu t to  the  power model  shou ld  be  the  average  of the  avai lable  
measurements,  except where  a  measurement i s  determined  to  be  erroneous,  i n  wh ich  case  
the  i npu t to  the  model  shou ld  be  the  average  of the  remain ing  measurements,  as  described  
previously.   

6.2.5.3  Mu l tiple  ambient temperature  sensors  

The  ambien t temperature  used  as  i npu t to  the  model  shou ld  be  the  average  of the  avai l able  
measurements,  except where  a  measurement i s  determined  to  be  erroneous,  i n  wh ich  case  
the  i npu t to  the  model  shou ld  be  the  average/med ian  of the  remain ing  measurements.   

6.2.5.4 Mu l tiple  PV module  temperature  sensors  

Any PV modu le  temperature  used  as  i npu t to  the  model  shou ld  be  the  average  of the  
avai lable  measurements,  except where  a  measurement i s  determined  to  be  erroneous,  i n  
wh ich  case  the  i npu t to  the  model  shou ld  be  the  average/med ian  of the  remain ing  
measurements.  

6.2.6  Unconstrained  operation  and  constrained  operation  when  the  output l imi t  of 
the  inverter i s  reached   

As described  i n  6 . 1 ,  data  shal l  be  flagged  depend ing  on  whether a l l  i nverters  were  maximum-
power-poin t tracking  or a l l  i nverters  l im i ted  the  ou tpu t because  thei r ou tpu t capabi l i ti es  were  
reached .  Al l  other data  are  d i scarded .  

I f the  i nverters  l im i t  the  ou tpu t i n  d i fferent ways  depend ing  on  the  operating  cond i tions,  then  
the  data  shal l  be  b inned  to  i den ti fy those  that are  a l l  under the  operating  cond i tion  of i n terest.  

6.3  Calcu lation  of correction  factor  

6.3.1  General  

The  correction  factor i s  ca lcu lated  to  ad just the  measured  power to  the  cond i tions  used  for the  
performance  target.  Subclauses  6 . 3 . 2  to  6 . 3 . 7  provide  a  step-by-step  procedure.  

6.3.2  Measure  inputs   

Measure  a l l  variable  i npu ts,  i nclud ing  meteorolog ical  data  and  p lan t-speci fic  parameters  
necessary to  define  the  measurement cond i tions.  

6.3.3  Verify data  qual i ty 

As  necessary,  val idate  the  measured  variable  i npu t data  as  per 6 . 2 .  

6.3.4 Calcu late  the  correction  factor for each  measurement point  

I npu t measured  meteorolog ical  data  i n to  the  system’s  model  and  calcu late  the  correction  
factor needed  to  translate  the  measured  data  to  the  temperature,  wind  and  i rrad iance  
cond i ti ons  speci fied  by the  TRC for a l l  poin ts  measured  during  “unconstrained”  stable  
operation .  

Calcu late  the  correction  factor for each  poin t  us ing  the  power model  and  Equation  (1 ) :  

 CF  =  PPred targ /PPredmeas  ( 1 )  

www.renews.pro
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where   

CF i s  the  correction  factor;   

PPred targ   i s  the  power pred icted  at the  target cond i ti ons;   

PPredmeas  i s  the  power pred icted  at the  measured  cond i tions.  

Both  pred icted  powers  are  taken  from  the  model  agreed  to  by the  parties.  See  the  annexes  for 
an  example  model .  

6.3.5  Correct measured  power output  

Correct the  measured  power by the  correction  factor for a l l  poin ts  measured  during  
“unconstrained”  stable  operation  as  ca lcu lated  from  the  power model  that describes  the  p lan t 
us ing  Equation  (2) :  

 Pcorr  =  Pmeas  CF (2)  

6 . 3.6  Average  al l  values  of corrected  power  

Taking  care  to  consider on ly the  data  that were  i ncluded  after data  fi l tering  (see  6 . 2 . 2),  
average  a l l  corrected  power ou tpu t va lues  taken  under “unconstrained”  operating  cond i tions,  
and  separately average  a l l  power values  measured  during  constrained  operation .  

6.3.7  Analyse  d iscrepancies   

I f an  i nd ividual  averaged  corrected  power deviates  from  the  average  by more  than  5  %,  then  a  
root cause  d iagnosis  shou ld  be  completed  for the  data  poin t  to  see  i f any ou tl ier s i tuation  was  
i n  effect and  not caught by the  data  fi l tering .  

I f the  averaged  power values  deviate  from  the  performance  target values  s ign i fican tl y (as  
establ ished  by the  parties  to  the  test) ,  then  a  root cause  d iagnosis  shou ld  be  completed .  The  
test report shal l  comment on  whether the  test shou ld  sti l l  be  considered  val i d .  

6.4 Comparison  of measured  power wi th  the  performance  target  

The  average  measured  corrected  power (see  6 . 3)  and  performance  target can  be  compared  
e i ther as  a  s imple  d i fference,  percen t d i fference,  or ratio  ca lcu lation .  

D i fference  calcu lation :   

 Pcorr  – PTarget  (3)  

Percen t d i fference  calcu lation :   

 [Pcorr  –  PTarget ]  ·  1 00  /  PTarget  (4)  

Ratio  (performance  i ndex for power):   

 Pcorr  /  PTarget  (5)  

Ratio  (un i ts  of %):   

 (Pcorr  ·  1 00)  /  PTarget  (6)  
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A s im i lar comparison  i s  made  of the  average  power generated  du ring  times  of constrained  
operation  relati ve  to  the  performance  target’s  defin i tion  of expected  generation  during  times  of 
constrained  operation .  I f the  ou tpu t capabi l i ty of the  i nverter i s  dependent on  the  i nverter 
temperatu re  or other factor,  the  performance  shou ld  be  evaluated  i n  that con text.  

For systems  that frequently have  constrained  operation  and  when  the  parties  to  the  test agree  
to  i nclude  i t,  the  test report shal l  i nclude  two  test resu l ts  to  reflect both  the  unconstrained  and  
constrained  operation .  The  use  of these  two  test resu l ts  i s  chosen  by the  user of the  test and  
shou ld  be  defined  before  the  appl ication  of the  test.  I f a  s ing le  number i s  desi red ,  one  
approach  i s  to  use  typical  weather data  to  i den ti fy how much  energy i s  expected  to  be  
generated  i n  unconstrained  and  constrained  operation ,  and  then  derive  a  composi te  resu l t  
that appl ies  to  these  typical  energy values  to  obtain  a  weigh ted  average  of the  two  test 
resu l ts.   

The  comparison  of Pcorr  and  the  performance  target shal l  i nclude  a  consideration  of the  

uncertain ties  ca lcu lated  i n  6 . 5,  as  gu ided  by the  i n i tia l  agreement.  

6.5  Uncertainty analysis   

As  part of the  performance  target or test p lan ,  the  agreement shal l  s tate  how the  uncerta in ty 
of the  measurement i s  considered .  Thus,  i t  can  be  essentia l  to  quan ti fy the  uncertain ty of the  
measurement as  part  of determin ing  whether the  measured  performance  meets  expectations.  
Regard less  of whether the  uncerta in ty i s  used  as  part of determin ing  the  test resu l t,  
uncertain ty analysis  shou ld  be  part  of the  assessment.  

The  data  are  col l ected  wi th  an  accuracy that i s  consisten t wi th ,  or better than ,  the  descriptions  
provided  i n  I EC  61 724-1  for the  chosen  class  of measurement.  Wh i le  the  measurement 
accuracy defines  the  class  of the  measurement,  the  fi nal  uncertain ty associated  wi th  the  
conclusion  of the  test wi l l  a l so  depend  on  the  fraction  of data  that i s  d iscarded  and  other 
factors  that are  not defined  i n  I EC  61 724-1 .  Th is  subclause  provides  some  add i tional  
gu idance  regard ing  the  uncertain ty analysis.   

The  uncerta in ty i s  determined  for Pcorr,  not for the  performance  target.  Uncerta in ties  

associated  wi th  the  model  used  for the  orig inal  pred iction  are  neg lected .  However,  
uncertain ties  associated  wi th  the  measured  weather data  wi l l  i n troduce  uncerta in ty i n  Pcorr.  

Both  systematic (b ias)  and  random  (precision)  uncertain ties  are  i ncluded  i n  the  analysis.  The  
con tribu tions  to  the  uncerta in ty depend  on  the  model  that i s  used ,  bu t general ly i nclude  
uncertain ty i n  the  measurements  of the  i rrad iance,  temperature,  wind  speed ,  and  e lectrici ty 
generated  as  wel l  as  uncerta in ties  i n  corrections  of these.  

Al l  measurements  and  associated  uncertain ties  are  tabu lated  and  combined  us ing  standard  
propagation  of errors  as  described  i n :   

•  ASME  Performance  Test Code  1 9. 1 ;  

•  I SO  5725;  

•  I SO/IEC  Gu ide  98-1 .  

The  uncertain ties  associated  wi th  each  sensor are  taken  from  the  manufacturer’s  speci fication  
and /or from  the  cal ibration  report provided  by the  cal ibration  l aboratory.  

The  uncertain ty analysis  shou ld  a l so  i nclude  systematic errors  that may arise  from  
m isplacement or i nappropriate  i nsta l lation  of the  sensors  i nclud ing :  

•  i rrad iance  sensor p lacement ( ti l t,  azimu th ,  and  heigh t) ;  

•  posi tion ing  of temperature  sensors  relati ve  to  power model ;  

•  posi tion ing  of wind  sensor relati ve  to  power model ;  www.renews.pro
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•  so i l i ng  that has  not been  addressed ;  

•  spatial  variation  when  a  subset of poin t measurements  may not capture  the  true  array bu lk 
va lues  (e. g .  wind  speed).  

Data  acqu is i tion  device  uncerta in ties  shou ld  a lso  be  considered .  

The  uncertain ty evaluation  shou ld  i nclude  a  review of the  range  of cond i ti ons  that were  
successfu l l y sampled  during  the  test.  For example,  b ias  re lated  to  spectrum,  ang le  of 
i ncidence,  etc.  may be  i n troduced  i f the  measurement i s  confined  to  a  short time  i n  the  
morn ing  and  a  short time  i n  the  afternoon  when  the  DC ou tpu t i s  wi th in  the  capabi l i ty of the  
i nverter.   

The  thermal  model  described  i n  Annex A and  other thermal  models  are  typical l y designed  to  
provide  estimates  that correspond  to  average  temperatures  over a  prolonged  period .  Because  
th is  test col lects  data  for a  re lati vely short time  period ,  the  temperatures  calcu lated  for modu le  
temperatu res  may deviate  from  the  actual  temperatures.  The  uncerta in ty analysis  shou ld  
i nclude  an  evaluation  of the  sensi ti vi ty of the  fina l  resu l t  to  the  selected  temperature  model .  

The  ou tpu t of a  system  i s  not a lways  l i near.  Table  1  defi nes  an  i rrad iance  fi l ter that i s  ±20  %  
of the  TRC i rrad iance.  The  uncertain ty analysis  shou ld  i nclude  documentation  of the  l i neari ty 
of the  system  performance  i n  the  ±20  %  range  around  the  TRC i rrad iance  and /or shou ld  
i nvestigate  the  effect on  the  resu l t  associated  wi th  revising  the  i rrad iance  fi l ter i n  Table  1 .  

NOTE  Non l i near system  ou tpu t  may be  speci fi c  for the  technol ogy,  or caused  by degradati on  of the  para l l e l  

res i s tance,  or caused  by th i n -fi lm  metastabi l i ti es .   

7  Test procedure  documentation  

Th is  document attempts  to  strike  a  ba lance  between  provid ing  prescriptive  and  speci fic  
gu idance  for testing  and  a l l owing  the  fl exibi l i ty needed  to  accommodate  each  ind ividual  and  
un ique  system.  As  a  resu l t,  i t  i s  necessary to  define  a  detai l ed  system-speci fic  test p l an  for 
each  appl ication  of th is  test method  prior to  the  test's  commencement.  Th is  test procedure  

i ncludes  a l l  speci fic  requ i rements  and  agreements  for test execu tion  and  data  reduction .  Al l  
parties  to  the  test shal l  have  a  su fficien t opportun i ty to  review and  approve  th is  test 
procedure.  I t  i s  recommended  that the  test procedure  documentation  con tain  the  fol lowing  
sections:  

a)  purpose;  

b)  target values  and  basis  i nclud ing  defin i ti on  of i n tended  system  boundary and  re lated  test 
boundary;  

c)  test schedu le;  

d )  parties  to  the  test and  respective  roles  and  responsib i l i ti es  for detai l s  of i nsta l l ation ,  
operation ,  and  data  analysis ,  i nclud ing  responsib i l i ty for:  

i )  ca l ibrations;   

i i )  clean ing  of sensors;   

i i i )  clean ing  of array;   

i v)  detection  of system  issues;   

v)  resolu tion  of system  issues;   

vi )  determination  of constrained  operation  ( i f appl icable) ;   

vi i )  analysis  of data;   

vi i i )  wri ting /review of fi nal  report;   

i x)  any other relevan t roles.   

e)  p lan t operating  requ i rements  i ncl ud ing  clean ing ,  i nspection  for evidence  of wi l d l i fe  
i n teraction ,  bu i l d -up  of debris ,  etc. ;  
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f)  i nstrumentation ;   

g )  pre-test uncerta in ty analysis ;  

h )  deta i l ed  data  treatment and  reduction  methods;   

i )  cri teria  for a  successfu l  test;  

j )  i nstrumentation  cu t-sheets  and  cal ibration  certi ficates;   

k)  h istorical  meteorolog ical  data  as  a  reference  and /or e lectron ic fi l e .  

8  Test report 

The  final  test report shal l  i nclude  both  the  test procedure  (e i ther expl ici tl y or by reference)  as  
wel l  as  the  fo l lowing  i tems:   

1 )  description  of the  party doing  the  test;   

2 )  description  of the  s i te  being  tested ,  i nclud ing  l ati tude,  l ong i tude,  and  a l ti tude;   

3)  description  of the  system  being  tested ;  speci fic note  shou ld  be  made  of whether there  are  
parasi tic  l oads  and  how these  are  documented  by the  test;   

4)  a  summary of the  performance  target made  for “unconstrained”  and  “constrained”  
operation ,  i nclud ing  defin i tion  of the  TRC and  associated  power model ;  

5)  a  summary of the  defi n i ti on  of the  meteorolog ical  data  taken  during  the  test,  i nclud ing  
cal ibration  data  for a l l  sensors  (sensor i den ti fi cation ,  test l aboratory,  date  of test)  and  
sensor l ocation ,  i nclud ing  photographs  for documenting  the  sensor l ocation  and  ground  
cond i ti ons  l i ke  rough  or smooth  vegetation  or snow and  records  of sensor clean ing ;  

6)  a  summary of the  defin i ti on  of the  system  ou tpu t data  col l ected  during  the  test,  i nclud ing  
records  of completed  cal i brations;   

7)  the  raw data  that were  col lected  during  the  test,  i nclud ing  note  of wh ich  data  met the  
stabi l i ty and  other cri teria;   

8)  an  explanation  of why data  that met the  fi l ter cri teria  ( i f any)  were  removed ;  

9)  for CPV tests,  the  average  ( i rrad iance-weigh ted)  a i r mass  that was  experienced  during  the  
test shal l  be  reported ;  

1 0)  a  l i st  of any deviations  from  the  test procedure  and  why these  were  taken ;  

1 1 )  a  summary of the  correction  factors  that were  calcu lated  for the  fi l tered  data;  

1 2)  a  summary comparison  of the  performance  targets  and  average  measured ,  corrected  
power values  as  ca lcu lated  i n  6 . 3  for both  “unconstrained”  and  “constrained”  operation ,  i f 
re levant;  

1 3)  a  description  of uncerta in ty analysis  and  statement of uncertain ty associated  wi th  the  
correction  factors,  based  on  the  uncerta in ty of the  weather measurements  (see  6 . 5)  and  
uncertain ty of the  model  assumptions  such  as  the  temperature  model  and  the  assumption  
of l i near response  to  i rrad iance;  

1 4)  a  description  of uncertain ty analysis  and  statement of the  uncertain ty associated  wi th  the  
measured  performance  (see  6 . 5)  i nclud ing  an  analysis  of any uncertain ty i n troduced  by 
extrapolation  (a l l  data  poin ts  fal l i ng  on  a  s ing le  s i de  of the  TRC);  

1 5)  a  summary version  of the  test resu l ts  may be  provided  con tain ing :  

a)  the  Pcorr  under “unconstrained”  operation ;  

b)  the  Pcorr  under “constrained”  operation ;  

c)  the  reference  cond i tions  for unconstrained  operation  (TRC)  and  target power 
associated  wi th  those  cond i ti ons;  

d )  the  performance  index under TRC (ratio  of Pcorr  to  target power,  expressed  i n  %).  

For i tems  that are  dupl icated  on  both  l i sts ,  the  fi nal  report shou ld  dupl icate  the  orig inal  
i n formation ,  veri fy that the  project was  execu ted  as  orig inal l y p l anned ,  or note  mod i fi cations  
that occurred  during  the  test period .  
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Annex A 
( informative)  

 
Example  of model  for module  temperature calculations   

A.1  General  

General l y,  there  are  two parts  to  defi n ing  the  temperature  dependence  of the  power ou tpu t of 
a  PV system:  1 )  re lating  the  weather cond i tions  to  the  modu le  temperature  and  2)  the  power 
ou tpu t as  a  function  of modu le  temperature.   

The  modu le  temperature  can  be  measured  d i rectly us ing  a  sensor on  the  back of the  modu le  
as  described  i n  I EC  61 829  or i n  Annex B  of I EC  61 724-1 : 201 6,  or an  i n frared  camera  that has  
been  carefu l l y ca l i brated  for the  em issivi ty of the  modu le,  bu t the  modu le  temperatu re  reflects  
both  the  weather cond i ti ons  and  the  qual i ty of the  i nstal lation  or design ,  s ince  improper 
i nsta l lation  of modu les  or a  poor moun ting  design  may cause  modu les  to  operate  at  e levated  

temperatu res  when  compared  to  design  expectations.  To  i nclude  modu le  operating  
temperatu re  wi th in  the  test,  the  ambien t temperature  and  wind  speed  may be  used  to  
ca lcu late  an  expected  average  modu le  temperature.  I f measurements  from  I EC  61 853-2  are  
avai lable,  these  may i n form  the  model  for calcu lating  the  modu le  temperatu re  from  the  
ambien t temperature  and  wind  speed .   

A.2  Example  heat transfer model  to  calcu late  expected  cel l  operating  
temperature  

Th is  section  presen ts  a  heat transfer model  that has  demonstrated  good  resu l ts .  However,  
other models  exist,  and  practi tioners  shou ld  choose  the  model  that best fi ts  thei r s i tuation .  Of 
g reat importance  i s  using  i den tical  heat transfer models  for setting  the  capaci ty performance  
target as  wel l  as  the  target reference  cond i ti ons.  

The  modu le  and  cel l  temperatures  may be  described  by Equations  (A. 1 )  and  (A.3):   

 Tm  =  Gmeas  ·  [e
(a+b ·WS) ] [°C  m 2 /W]  +  Ta  (A. 1 )  

where  

Tm   i s  the  calcu lated  modu le  back surface  temperature  (°C);  

Gmeas   i s  the  measured  POA i rrad iance  (W/m 2) ;  

Ta  i s  the  measured  ambient temperature  (°C);  

WS   i s  the  wind  speed  corrected  to  1 0  m  heigh t (m/s) ;  

a   i s  the  modu le  g lazing  coefficien t (see  Table  A. 1 );  

b   i s  the  forced  convection  g lazing  coefficien t (s/m);  

e   i s  the  natural  l ogari thm  base.   

 WS  =  WSmeas  ·  [  H /  Hmeas  ]  α  (A. 2)  

where  

WS   i s  the  the  wind  speed  corrected  to  a  1 0  m  heigh t or to  the  heigh t that i s  re levan t to  
the  power model ;   

WSmeas  i s  the  as  measured  wind  speed ;  

H  i s  the  heigh t used  by performance  model  (m)  ( typical l y 1 0  m);  

Hmeas   i s  the  above  grade  anemometer heigh t (m);  
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α    i s  the  resistance  coefficien t for g round  cover or the  Hel lmann  exponent  
(see  Table  A. 2)  (un i tl ess).  

The  conductive  temperatu re  d rop  between  the  modu le 's  back surface  and  i n terior PV cel l  can  
then  be  calcu lated  from  Equation  (A. 3).  

 Tc  =  Tm +  (Gmeas /1 000  W/m
2)  ·dTcond  [°C]  (A.3)  

where   

Tc   i s  the  calcu lated  cel l  temperature  (°C);   

dTcond  i s  the  conduction  temperature  coefficien t to  determine  the  d i fference  between  

modu le  surface  and  cel l  cen tre  (°C).  

The  coefficien ts  a ,  b ,  and  dTcond  are  defined  as  part  of defin ing  the  temperature  dependence.  
These  may be  derived  from  measured  data  or taken  from  the  l i terature  for s im i lar 
configurations,  such  as  those  g i ven  i n  Table  A. 1 .  I f the  measured  and  model -i npu t wind  speed  
data  were  taken  at  the  same  heigh t,  the  wind  speed  correction  i n  Equation  (A.2)  may be  
omi tted .  

Table  A.1  – Empirical ly determined  coefficients  
used  to  pred ict module  temperature   

Modu le  type  Mount a  b  

(s/m)  

dT
cond

 

(°C)  

G l ass/cel l /g l ass  Open  rack −3, 47  −0, 059  4  3  

G l ass/cel l /g l ass  Cl ose  roof moun t  −2 , 98  −0, 047   1  1  

G l ass/cel l /pol ymer sheet Open  rack −3, 56  −0, 075  0  3  

G l ass/cel l /pol ymer sheet I n su l ated  back −2 , 81  −0 , 045  5  0  

Pol ymer/th i n -fi lm /steel  Open  rack −3, 58  −0, 1 1 3  3  

22×  l i near concen trator Tracker −3, 23  −0, 1 30  1 3  

NOTE  Wind  speed  was  measu red  at  the  s tandard  meteorolog i ca l  he i gh t  of 1 0  m .  

 

The  Hel lmann  coefficien t i s  dependent on  the  stabi l i ty of the  a i r and  the  shape  of the  terrain .  
Values  from  Table  A.2  may be  selected .  The  uncerta in ty analysis  shou ld  i nclude  an  
estimation  of the  sensi ti vi ty of the  final  resu l t to  the  va lue  selected  from  Table  A. 2  or other 
model  assumption .  

Table  A.2  – Hel lmann  coefficient,  α ,  for correction  of wind  speed  
according  to  measured  height,  i f values  in  Table  A.1  are  used  

Location  or s i tuation  α  

Unstabl e  a i r above  fl at  open  coast  0 , 1 1  

Neu tral  a i r above  fl at  open  coast  0 , 1 6  

Unstabl e  a i r above  human  i nhabi ted  areas  0 , 27  

Neu tral  a i r above  human  i nhabi ted  areas  0 , 34  

S tabl e  a i r above  fl at  open  coast  0 , 40  

S tabl e  a i r above  human  i nhabi ted  areas  0 , 60  

 

For some designs,  the  temperatu re  coefficien ts  may have  a  strong  dependence  on  wind  
d i rection .  I f so,  measuring  the  wind  d i rection  and  ad justing  the  temperatu re  model  accord ing ly 
may improve  the  accuracy of the  test.   www.renews.pro
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I f the  system  and  test boundaries  have  been  defined  to  a l l ow d i rect measurements  of the  
back-of-modu le  temperatu re,  then  on ly Equation  (A.3)  i s  needed  wi th  Tm  set  to  the  measured  

temperatu re.  I n  th is  case,  the  back-of-modu le  temperature  shou ld  be  measured  accord ing  to  
I EC  61 829  and  Annex B  of I EC  61 724-1 : 201 6.  I t  i s  a lso  possible  to  use  I EC  60904-5  to  
determine  the  j unction  temperature,  bu t th is  i s  usual l y d i fficu l t  when  evaluati ng  the  
performance  of a  con ti nuously operati ng  system  since  I EC  60904-5  uses  the  measured  open-
ci rcu i t  vol tage.  I t  shou ld  be  noted  that j unction  temperature  calcu lated  from  measured  open  
ci rcu i t  vol tage  wi l l  reflect the  rapid  fl uctuation  of the  cel l  temperature  du ring  rapid  changes  of 
i rrad iance  due  to  h igh  wind  and  cloud  speed  in  the  sky that i s  not i n  accordance  wi th  the  
d i rectl y measured  temperature  of the  rear surface.  Therefore,  the  e lectrical  ou tpu t power 
evaluation  of the  system  shou ld  be  performed  when  the  i rrad iation  i s  stable  as  requ i red  by the  
fi l tering  described  i n  Table  1 .  

Add i tional l y,  the  power coefficien t relati ng  the  cel l  temperature  to  the  relati ve  change  in  
system  ou tpu t i s  defi ned  and  the  power i s  corrected  accord ing  to  Equation  (A.4) .  

 CFTcel l  =  1  +  δ  (Tc  −  TTRC )   (A.4)  

where  

CFTcel l  i s  the  operati ng  temperatu re  cel l  correction  factor;  

δ   i s  the  PV power −  cel l  temperatu re  coefficien t taken  from  the  product l i terature  
(note  that th i s  coefficien t has  a  negative  value  (1 /°C)) ;  

Tc  i s  the  cel l  temperature  calcu lated  from  measured  meteorolog ical  cond i tions  using  

a  heat transfer model  or from  measured  modu le  temperatu re;   

TTRC   i s  the  cel l  temperature  associated  wi th  the  TRC.  Th is  shou ld  be  calcu lated  wi th  
the  same  model  used  to  determine  the  target power for the  g i ven  target reference  
cond i ti ons  (TRC).  
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Annex B  
( informative)  

 
Example of model  for system  power  

B.1  General  

The  model  for the  e lectrical  power ou tpu t of a  system  can  be  fa i rl y s imple  or complex.  A 
s imple  example  i s  g iven  here.   

B.2  Example  model  

As an  example  of implementation  of a  l i near assumption ,  i f the  p lan t power i s  defi ned  by 
Equation  (B. 1 ) ,  then  the  correction  factor for i rrad iance  i s  appl ied  by Equation  (B .2)  i nclud ing  
modu le  temperature  effects  accord ing  to  a  l i near assumption  for temperature  correction .  

 PPred  =  (PPredTarg )  ⋅  (Gmeas  /  GTRC )  +  Pzero ⋅  (1  – Gmeas  /  GTRC )  (B . 1 )  

where   

PPred    i s  the  pred icted  power;   

PPredTarg   i s  the  pred icted  power at targeted  cond i tions;   

Gmeas   i s  the  measured  i rrad iance;   

GTRC   i s  the  rating  i rrad iance  used  to  speci fy the  target power;   

Pzero   i s  the  (negative)  i n tercept often  observed  when  p lotting  the  ou tpu t power as  a  
function  of i rrad iance  when  i nverters  requ i re  a  m in imum  power i npu t to  function .   

Add ing  a  temperature  correction  to  Equation  (B . 1 )  and  neg lecting  the  Pzero  term  resu l ts  i n  the  

fo l lowing  re lationsh ip  to  pred ict power from  measured  i rrad iance  and  cel l  temperatu res:  

 PPred  =  (PPredTarg )  ⋅  (Gmeas  /  GTRC )  ⋅  [1  +  δ  (TC  –  TTRC )]  (B . 2)  

where   

δ   i s  the  temperature  coefficien t taken  from  the  product l i terature;   

TTRC   i s  the  cel l  temperature  calcu lated  by the  thermal  model  at the  TRC cond i tions;   

TC   i s  the  cel l  temperatu re  calcu lated  for each  measurement poin t (see  Annex A for 

an  example  of how th is  may be  calcu lated ).   

See  6 . 3. 4  for use  of Equation  (B .2)  i n  calcu lati ng  the  correction  factor.   
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Annex C  
( informative)  

 
Inconsistent array orientation   

The  orien tation  of an  array may vary because  of:  

•  u n i n ten tional  variation  i n  workmansh ip;  

•  u n i n ten tional  variation  due  to  tracker mal function  or m isal i gnment for part  of an  array;  

•  i n ten tional  variation  to  fol l ow the  l ocal  terrain  i n  an  uncon trol led  way;  

•  i n ten tional  variation  to  speci fi ed  orien tations,  such  as  on  a  roof wi th  two  d i fferen t 
orien tations.  

Defin ing  methods  for deal ing  wi th  each  of these  s i tuations  i s  ou ts ide  of the  scope  of th i s  
document.  The  pu rpose  of th is  annex to  provide  gu idance  rather than  speci fic  methods.  

Al though  an  energy test has  been  defined  re lative  to  a  speci fi c  defi ned  orien tation ,  suggesting  
that an  energy test shou ld  be  appl i ed  re lati ve  to  the  designed  orien tation ,  appl ication  of th is  
capaci ty test to  reflect the  designed  orien tation  i nstead  of the  i nstal led  orien tation  cou ld  l ead  
to  an  erroneous  assessment of the  system.   

The  i rrad iance  sensor(s)  shou ld  be  placed  to  reflect the  a l ignment of the  array.  I f a  system  is  
l arge  and  the  a l ignment i s  not wel l  con trol led ,  there  may be  benefi t  i n  i nclud ing  i rrad iance  
sensors  for each  section  of the  p lan t.  The  number of sensors,  the  l ocations  (chosen  to  reflect 
the  various  orien tations),  and  the  weigh ti ng  of the  measured  data  from  the  mu l tip le  sensors  
(chosen  to  reflect the  fraction  of modu les  for each  orien tation)  shou ld  be  chosen  to  be  able  to  
d i scern  the  average  i rrad iance  experienced  by the  array under test.  These  detai l s  shou ld  be  
agreed  to  by the  parties  to  the  test.  

Ord inari l y,  the  test i s  not appl ied  during  a  time  when  a  tracker i s  mal function ing ,  bu t,  i n  the  
case  when  an  array i s  not consisten tly a l igned ,  the  strategy defined  i n  the  previous  paragraph  
may be  used .  

I n  the  case  where  d i fferen t parts  of a  system  are  orien ted  d i fferen tl y,  i f each  of these  i s  
connected  to  a  d i fferent i nverter,  i t  i s  preferable  to  apply the  test separately to  the  d i fferen t 
parts  of the  system.  I f mu l ti p le  arrays  wi th  d i fferen t orien tations  are  connected  to  the  same  
i nverter,  then  the  i rrad iance  measurements  shou ld  be  weigh ted  to  reflect the  fractions  of the  
array that are  i n  each  orien tation .  
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