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PHOTOVOLTAIC  SYSTEM PERFORMANCE –  

 
Part 3:  Energy evaluation  method  

 
FOREWORD 

1 )  The  I n ternati ona l  E l ectrotechn ical  Commission  ( I EC)  i s  a  worl dwide  organ izati on  for standard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  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 ing  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 onal  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 ta l  and  non -
governmen ta l  organ izati 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 osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati 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 ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl 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 onal  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  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  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  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  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 ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  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 ncl ud 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 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 cati on ,  use  of,  or re l i ance  upon ,  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  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd 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  subj ect  of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsib l e  for i d en 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  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  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  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  TS  61 724-3,  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.  

I EC  61 724-1 ,  I EC  TS  61 724-2  and  I EC  TS  61 724-3  cancel  and  replace  the  fi rst ed i tion  of 
I EC  61 724,  i ssued  in  1 998,  and  consti tu te  a  techn ical  revision .  
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The  main  techn ical  changes  wi th  regard  to  the  fi rst ed i tion  of I EC  61 724  (1 998)  are  as  fol lows:  

– Th is  fi rst  ed i ti on  of I EC TS  61 724-3  provides  a  method  for quan ti fying  the  annual  energy 
generation  for a  PV plan t re lati ve  to  that expected  for the  measured  weather.  

The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/1 069/DTS  82/1 1 21 /RVC 

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

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  61 724  series,  publ i shed  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  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind 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 is  date,  the  publ ication  wi l l  be  

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

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

 

IMPORTANT – The 'colour inside'  logo 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 
understanding  of i ts  contents.  Users  should  therefore print th is  document using  a  
colour printer.  
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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  demonstrating  that a  PV system  i s  performing  as  pred icted  requ i res  
determin ing  that the  system  functions  correctly under the  fu l l  range  of cond i tions  re levant to  
the  deployment s i te.  I EC  62446  describes  a  procedure  for ensuring  that the  p lan t i s  
constructed  correctly and  powered  on  properly by veri fication  through  incremental  tests,  bu t 
does  not attempt to  veri fy that the  ou tpu t of the  p lan t meets  the  design  speci fication .  
I EC  61 724-1  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.  I EC  TS  61 724-2  and   
ASTM  E2848-1 1  describe  methods  for determin ing  the  power ou tpu t of a  photovol taic system,  
and  are  i n tended  to  document completion  and  system  tu rn  on ,  and  report a  short term  power 
capaci ty measurement of a  PV system,  bu t are  not i n tended  for quan ti fying  performance  over 
al l  ranges  of weather or times  of year.  I EC  62670-2  also  describes  how to  measure  the  
energy from  a  CPV p lan t,  bu t does  not describe  how to  compare  the  measured  energy wi th  a  
model .   

The  method  described  i n  th is  Techn ical  Speci fication  i s  i n tended  to  address  testing  of a  
speci fic deployed  PV system  over the  fu l l  range  of relevant operating  cond i tions  and  for a  
sustained  time  (general l y a  complete  year)  to  veri fy l ong-term  expectations  of energy 
production  to  capture  a l l  types  of performance  i ssues,  i nclud ing  not on ly response  to  d i fferent 
weather cond i tions,  bu t a lso  ou tages  or i nstances  of reduced  performance  of the  p lan t that 
may arise  from  grid  requ i rements,  operational  set poin ts,  hardware  fai l u re,  poor main tenance  
procedures,  p lan t degradation ,  or other problems.  The  performance  of the  system  is  
characterized  both  by quan ti fying  the  energy l ost when  the  p lan t i s  not function ing  
(unavai lable)  and  the  exten t to  wh ich  the  performance meets  expectations  when  i t  i s  
function ing .  

Mu l tiple  aspects  of PV system  performance  are  dependent on  both  the  weather and  the  
system  qual i ty,  so  i t  i s  essen tia 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.  However,  the  modu le-mounting  
configuration  a l so  affects  the  modu le  temperature,  and  the  mounting  i s  an  aspect of the  
system  that i s  being  tested .  Th is  techn ical  speci fication  presents  a  best-practice  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  flexib i l i ty i n  the  appl ication  of the  test so  as  to  accommodate  as  many un ique  
i nstal lations  as  possible.  

I ECRE’s  Annual  PV Project Performance  Certi fi cate  i ncorporates  measurements  from  th is  
Techn ical  Speci fication .  Al though  th is  techn ical  speci fication  a l lows  appl ication  i n  mu l tiple  
ways,  to  main tain  a  consisten t defin i ti on  of the  mean ing  of the  I ECRE certi ficate,  when  th is  
techn ical  speci fication  i s  used  for measurements  for I ECRE reporting ,  the  method  may be  
requ i red  to  use  a  m in imum  level  of accuracy for the  measurements  or other detai l s  as  
documented  by I ECRE.  
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PHOTOVOLTAIC  SYSTEM PERFORMANCE –  
 

Part 3:  Energy evaluation  method  
 
 
 

1  Scope 

Th is  part of I EC  61 724,  wh ich  i s  a  Techn ical  Speci fication ,  defines  a  procedure  for measuring  
and  analyzing  the  energy production  of a  speci fi c photovol ta ic system  relati ve  to  expected  
e lectrical  energy production  for the  same  system  from  actual  weather cond i tions  as  defined  by 
the  stakeholders  of the  test.  The  method  for pred icting  the  e lectrical  energy production  i s  
ou tside  of the  scope of th is  techn ical  speci fication .  The  energy production  i s  characterized  
speci fical l y for times  when  the  system  is  operating  (avai lable);  times  when  the  system  is  not 
operating  (unavai lable)  are  quan ti fied  as  part of an  avai labi l i ty metric.  

For best resu l ts,  th is  procedure  shou ld  be  used  for l ong-term  performance  (e lectrical  energy 
production)  testing  of photovol ta ic systems  to  evaluate  sustained  performance  of the  system  
over the  en ti re  range  of operating  cond i tions  encountered  th rough  the  duration  of the  test 
(preferably one  year) .  Such  an  evaluation  provides  evidence  that l ong-term  expectations  of 
system  energy production  are  accurate  and  covers  a l l  envi ronmental  effects  at the  s i te.  I n  
add i tion ,  for the  year,  unavai labi l i ty of the  system  (because  of e i ther i n ternal  or external  
causes)  i s  quan ti fi ed ,  enabl ing  a  fu l l  assessment of e lectrici ty production .  

I n  th is  procedure,  i nverter operation  and  other status  i nd icators  of the  system  are  fi rst 
analyzed  to  fi nd  ou t whether the  system  i s  operating .  Times  when  i nverters  (or other 
components)  are  not operating  are  characterized  as  times  of unavai labi l i ty and  the  associated  
energy l oss  i s  quan ti fied  accord ing  to  the  expected  energy production  during  those  times.  For 
times  when  the  system  is  operating ,  actual  photovol ta ic system  energy produced  i s  measured  
and  compared  to  the  expected  energy production  for the  observed  envi ronmental  cond i tions,  
quanti fying  the  energy performance i ndex,  as  defined  in  I EC  61 724-1 .  As  a  basis  for th is  
evaluation ,  expectations  of energy production  are  developed  using  a  model  of the  PV system  
under test that wi l l  serve  as  the  guarantee  or basis  for the  evaluation  and  i s  agreed  upon  by 
a l l  s takeholders  of the  project.  Typical l y,  the  model  i s  complex and  i ncludes  effects  of shad ing  
and  variable  efficiency of the  array,  bu t the  model  can  a lso  be  as  s imple  as  a  performance  
ratio,  wh ich  may be  more  common ly used  for smal l  systems,  such  as  residen tia l  systems.   

The  procedure  evaluates  the  qual i ty of the  PV system  performance,  reflecting  both  the  qual i ty 
of the  i n i tia l  i nsta l lation  and  the  qual i ty of the  ongoing  main tenance  and  operation  of the  p lan t,  
wi th  the  assumption  and  expectation  that the  model  used  to  pred ict performance  accurately 
describes  the  system  performance.  I f the  i n i tia l  model  i s  found  to  be  i naccurate,  the  design  of 
the  system  is  changed ,  or i t  i s  desi red  to  test the  accuracy of an  unknown  model ,  the  model  
may be  revised  relati ve  to  one  that was  appl ied  earl ier,  bu t the  model  shou ld  be  fi xed  
throughout the  completion  of th is  procedure.   

The  a im  of th is  techn ical  speci fication  i s  to  define  a  procedure  for comparing  the  measured  
electrical  energy wi th  the  expected  e lectrical  energy of the  PV system.  The  framework 
procedure  focuses  on  i tems  such  as  test duration ,  data  fi l tering  methods,  data  acqu is i tion ,  
and  sensor choice.  To  rei terate,  the  procedure  does  not proscribe  a  method  for generating  
pred ictions  of expected  e lectrical  energy.  The  pred iction  method  and  assumptions  used  are  
left to  the  user of the  test.  The  end  resu l t  i s  documentation  of how the  PV system  performed  
relati ve  to  the  energy performance  pred icted  by the  chosen  model  for the  measured  weather;  
th is  ratio  i s  defined  as  the  performance  i ndex i n  I EC  61 724-1 .  

Th is  test procedure  i s  i n tended  for appl ication  to  grid -connected  photovol taic systems  that 
i nclude  at  l east one  inverter and  the  associated  hardware.   
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Th is  procedure  i s  not speci fical l y wri tten  for appl ication  to  concentrator (>  3X)  photovol taic  
(CPV)  systems,  bu t may be  appl ied  to  CPV systems  by using  d i rect-normal  i rrad iance  i nstead  
of g lobal  i rrad iance.  

Th is  test procedure  was  created  wi th  a  primary goal  of faci l i tating  the  documentation  of a  
performance  guarantee,  bu t may a lso  be  used  to  veri fy accuracy of a  model ,  track 
performance  (e. g . ,  degradation)  of a  system  over the  course  of mu l tiple  years,  or to  document 
system  qual i ty for any other pu rpose.  The  terminology has  not been  general ized  to  apply to  a l l  
of these  s i tuations,  bu t the  user i s  encouraged  to  apply th is  methodology whenever the  goal  i s  
to  veri fy system  performance  relative  to  modeled  performance.  Speci fic gu idance  i s  g iven  for 
provid ing  the  metrics  requested  for the  IECRE  certi fication  process,  provid ing  a  consisten t 
way for system  performance  to  be  documented .  

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.  

I EC  61 724-1 ,  Photovoltaic system performance – Part 1 :  Monitoring1   

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

I SO/IEC Gu ide  98-1 : 2009,  Uncertainty of measurement – Part 1 :  Introduction to the 
expression of uncertainty in  measurement 

I SO/IEC Gu ide  98-3:2008,  Uncertainty of measurement – Part 3:  Guide to the expression of 
uncertainty in  measurement 

I SO  5725  (a l l  parts) ,  Accuracy (trueness and precision)  of measurement methods and results 

I SO  8601 : 2004,  Data elements and interchange formats – Information interchange – 
Representation of dates and times 

ASME,  Performance test codes 19. 1  

ASTM  G1 1 3  – 09,  Standard terminology relating to natural and artificial weathering tests of 
nonmetallic materials  

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  61 724-1 ,  ASTM  
G1 1 3,  I EC  TS  61 836,  and  the  fol lowing  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at  the  fol lowing  
addresses:  

•  I EC  Electroped 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  

______________ 

1   To  be  publ i shed .  
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3.1   
energy avai labi l i ty  
metric of energy throughpu t capabi l i ty that quanti fi es  the  expected  energy when  the  system  is  
operating  re lati ve  to  the  total  expected  energy 

Note  1  to  en try:  The  energy avai l abi l i ty i s  ca l cu lated  from  the  energy unavai l ab i l i ty and  may be  expressed  as  a  
percentage  or a  fracti on .  

3.2   
energy unavai labi l i ty 
metric that quanti fies  the  energy l ost when  the  system  is  not operating  (as  j udged  by an  
au tomatic i nd ication  of functional i ty such  as  the  i nverter status  flag  i nd icating  that the  i nverter 
i s  acti vely converting  DC to  AC e lectrici ty or not) .  The  energy unavai labi l i ty i s  the  ratio  of the  
expected  energy (as  calcu lated  from  the  orig inal  model  and  the  measured  weather data)  that 
cannot be  del i vered  because  of i nverters  or other components  being  off l i ne  d ivided  by the  
total  expected  energy for the  year 

Note  1  to  en try:  The  energy unavai l abi l i ty may be  expressed  as  a  percen tage  or a  fracti on .  Energy u navai l abi l i ty 
may be  caused  by i ssues  e i ther i n ternal  or external  to  the  PV system  as  defi ned  by those  appl yi ng  the  test.   

3.3   
external-cause-excluded  energy avai labi l i ty  
metric that quan ti fies  the  expected  energy when  the  system  is  operating  re lati ve  to  the  tota l  
expected  energy during  times  when  i t  was  possib le  for the  p lan t to  be  operating  

Note  1  to  en try:  Excl us ions  are  made  for t imes  when  the  g ri d  i s  not  operati ng  or for o ther times  when  the  p l an t 
was  not  operati ng  for reasons  ou ts i de  of the  con trol  of the  p l an t.  

3.4  
pred icted  energy 
energy generation  of a  PV system  that i s  ca lcu lated  wi th  a  speci fic performance  model ,  us ing  
h istorical  weather data  that i s  considered  to  be  representative  for the  s i te,  whereby the  
speci fic performance  model  has  been  agreed  to  by a l l  s takeholders  to  the  test (see  F igure  1 )   

Note  1  to  en try:  The  h i stori ca l  weather d ata  may be  gathered  from  a  weather s tati on  that  i s  wi th i n  reasonable  
proxim i ty to  the  s i te .  

3.5  
expected  energy 
energy generation  of a  PV system  that i s  ca lcu lated  wi th  the  same  speci fic performance 
model  as  that used  i n  the  pred icted  energy model ,  us ing  actual  weather data  col lected  at the  
s i te  during  operation  of the  system  for the  year i n  question  

Note  1  to  en try:  The  weather data  i s  co l l ected  l ocal l y a t  the  s i te .  

Note  2  to  en try:  The  expected  energy i s  used  to  cal cu late  the  energy performance  i ndex.  

3.6   
measured  energy 
electric energy that i s  measured  to  have  been  generated  by the  PV system  during  the  test 
over the  same  duration  as  the  expected  energy model   

Note  1  to  en try:  See  a l so  3 . 1 3  test  boundary to  d efi ne  the  l ocati on  of measu remen t.   

3.7   
performance  index 
electrici ty generation  of a  PV system  relati ve  to  expected ,  as  defined  i n  I EC  61 724-1  and  
calcu lated  as  described  in  th is  techn ical  speci fication  

3.8   
energy performance  index 
electrici ty generation  of a  PV system  relati ve  to  the  expected  energy over a  speci fied  time  
period ,  as  defined  i n  I EC  61 724-1  and  calcu lated  i n  th is  techn ical  speci fication .  The  energy 
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performance  i ndex may refer to  a l l  times  or on ly times  of avai labi l i ty as  defined  by the  a l l - i n  
energy performance  i ndex or the  in -service  energy performance  i ndex,  respectively 

3.9   
al l -in  energy performance  index 
electrici ty generation  of a  PV system  relati ve  to  the  total  expected  energy over a  speci fied  
time  period ,  i nclud ing  times  when  the  system  is  not function ing  

3.1 0   
i n -service  energy performance  index 
electrici ty generation  of a  PV system  relati ve  to  the  expected  energy over a  speci fied  time  
period  during  times  when  the  system  is  function ing  (exclud ing  times  when  inverters  or other 
components  are  detected  to  be  off l i ne)  

3.1 1   
power performance  index 
electrici ty generation  of a  PV system  relati ve  to  expected  power production  for a  speci fied  set 
of cond i tions,  as  defined  i n  I EC  61 724-1  and  calcu lated  as  i n  I EC  TS  61 724-2  

3.1 2   
primary sensor 
sensor that has  been  designated  as  the  source  of data  for the  test.  Primary sensors  may be  
designated  for the  i rrad iance,  temperature,  wind  speed  or other measurements.  The  e lectrical  
measurements  are  defined  as  part of the  system  defin i tion  

3.1 3   
test boundary 
a  (physical )  d i fferen tiation  between  what i s  considered  to  be  part of the  system  under test and  
what i s  ou ts ide  of the  system  for purposes  of quan ti fying  the  performance  i ndex 

Note  1  to  en try:  Quan ti fi cati on  of the  energy unavai l abi l i ty may be  affected  by even ts  ou ts i de  of the  test 
boundary.  

3.1 4  
stakeholders  of 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 nstal 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 ety of s i tuati ons  and  the  
s takehol ders  of the  test  may i n  some  cases  be  a  s i ng le  i nd i vi d ual  or company.  

3.1 5  
test 
test that compares  the  measured  ou tpu t of a  PV system  over a  prolonged  time  period  to  the  
ou tpu t that was  expected  for the  PV system  for the  measured  set of weather cond i tions,  as  
defined  by th is  techn ical  speci fication  (see  3. 4)  

3.1 6   
model   
simu lation  model  used  to  calcu late  both  pred icted  and  expected  PV generation  from  weather 
data.  The  model  i s  a l so  used  to  calcu late  expected  energy du ring  times  of unavai labi l i ty  

Note  1  to  en try:  Typi ca l l y,  the  model  i s  expected  to  be  the  same  that  was  used  to  descri be  the  p l an t  before  
constructi on ,  bu t  the  model  may be  updated  to  refl ect  changes  i n  the  p l an t  d esi gn ,  or any model  may be  u sed  i f the  
goal  i s  to  test the  accu racy of the  model .  I t  i s  assumed  that  the  model  i s  appropri ate  for the  s i tuati on .  

3.1 7   
i nverter cl ipping  
the  i nverter ou tpu t i s  l im i ted  by the  capabi l i ty of the  i nverter rather than  by the  input power 
from  the  PV array 
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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  to  wh ich  
the  test may be  appl ied  i s  the  smal lest AC power generating  assembly capable  of 
i ndependent on-grid  operation .   

PV p lan t construction  i s  often  d ivided  i n to  phases.  Phases  may have  separate  or shared  
i n terconnection  poin ts  and  may be  spread  over a  period  of months  or even  years.  I n  general ,  
i t  i s  recommended  that the  test be  appl ied  at  the  h ighest l evel ,  that wh ich  encompasses  the  
en ti re  PV project.  However,  for very l arge  p lan ts  schedu led  for i n terconnection  i n  parts,  wi th  
the  fi rst and  last i n terconnection  separated  by a  period  of more  than  6  months.  I t  i s  
recommended  that the  test be  appl ied  to  smal ler subsets  of the  p lan t as  they become 
avai lable  for i n terconnection .  I n  such  cases,  upon  fu l l  p lan t completion  the  test may be  
appl ied  again  i n  a  way that encompasses  the  en ti re  p lan t,  bu t i n  these  cases  the  expected  
energy i s  mod i fied  to  i nclude  expected  plant performance  degradation  in  accordance  wi th  the  
model  accepted  by the  stakeholders  of the  test.   

Some  PV modu les  show measurable  performance  changes  wi th in  hours  or days  of being  
i nstal led  i n  the  fie ld ,  others  do  not.  The  start of the  test shou ld  be  negotiated  between  the  
stakeholders  using  the  manufacturer’s  gu idance  for the  number of days  or the  i rrad iance  
exposure  needed  for the  p lan t to  reach  the  modeled  performance  a long  wi th  the  detai l s  of the  
actual  i nstal lation  and  i n terconnection  dates.  Any degradation  assumptions  shou ld  be  agreed  
to  by a l l  s takeholders  and  documented  as  part of the  model  description .   

I t  i s  recommended  that the  test l asts  365  days.  The  actual  test term  shou ld  be  agreed  upon  in  
advance.  I f the  test i s  not con tinued  for a  fu l l  year,  seasonal  variations  ( i nclud ing  shad ing ,  
spectrum,  temperature,  and  wind )  may cause  the  performance  to  deviate  from  what wou ld  be  
obtained  over a  fu l l  year.   

The  performance  metric,  i n -service  energy performance  i ndex,  i s  reported  on ly for times  when  
the  inverters  and  other components  are  on  l i ne.  Expected  energy for times  when  the  i nverters  
or other components  are  off l i ne  i s  quanti fied  i n  the  energy unavai labi l i ty metric.  The  energy 
unavai labi l i ty metric may be  fu rther d i vided  i n to  s i tuations  wi th  i n ternal  and  external  causes,  
as  agreed  to  by the  stakeholders.  

Al l  s takeholders  agree  on  a  detai led  test procedure  before  the  test commences  as  described  
i n  Clauses  5  and  6 .  

5 Equ ipment and  measurements  

Using  the  defau l t  test boundary (used  for s impl i fied  d iscussion  here) ,  the  weather i s  
characterized  by:  

•  G lobal  horizon tal  i rrad iance  (d i rect and  d i ffuse  may also  be  measured ).   

•  Ambient temperature.  

•  Wind  speed .  

•  Rain fal l  or soi l i ng  ( i f the  test agreement assumes  a  clean  system).  

I f add i tional  characterization  of the  weather i s  requ i red  for implementation  of the  model ,  these  
data  shal l  be  col lected  i n  a  manner consisten t wi th  the  model .  I f the  model  uses  a  d i fferen t 
test boundary then  the  defau l t  test boundary i s  mod i fied .  For example,  i f p lane-of-array 
i rrad iance  i s  speci fied  as  an  i npu t to  the  model ,  defin ing  the  a lbedo  to  be  ou tside  of the  test 
boundary,  then  the  weather i s  characterized  by the  p lane-of-array i rrad iance  rather than  the  
g lobal  horizon tal  i rrad iance.   
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Some  models  use  other i npu ts  such  as  atmospheric pressure  and  humid i ty s i nce  these  can  
affect the  i nciden t l i gh t spectrum  and  the  PV performance.  Whereas  i t  i s  encouraged  to  
mon i tor many aspects  of the  PV system  operation  to  best understand  the  status  of the  system  
and  optim ize  i ts  performance,  the  use  of data  from  the  system  as  a  characterization  of the  
weather i npu ts  to  the  model  ri sks  compromising  the  i n tegri ty of the  test.  When  data  are  used  
for such  characterization  there  i s  the  ri sk that some  aspects  of the  system  performance  are  
then  considered  to  be  part of the  uncontrol led  weather.  For example,  i f modu les  are  mounted  
wi thou t adequate  ven ti lation ,  the  temperature  of the  system  may increase  beyond  the  design  
value,  reducing  system  ou tpu t.  S im i larly,  a  tracked  system  that does  not track correctl y wi l l  
measure  a  p lane-of-array i rrad iance  that i s  l ower than  what i t  wou ld  have  been  wi th  optimal  
tracking .  Al though  frequent rain  and  snow wi l l  affect system  performance,  the  design  of the  
system  may a id  i n  shedd ing  snow and/or being  resistan t to  soi l i ng .  

The  system  ou tpu t i s  characterized  by:  

•  Real  AC  power del i vered  to  the  grid .   

•  Apparent AC  power or AC  power factor.  

The  model  s imu lati ng  the  PV system  performance  shou ld  i nclude  an  assumption  abou t the  
power factor,  wh ich  may affect the  pred icted  energy.  The  recorded  power factor (or any 
s im i lar i npu t to  the  model )  shou ld  be  then  used  when  calcu lating  the  expected  energy,  as  
described  below.  

The  defin i tion  of the  AC energy,  i nclud 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 defin i tion .  I f 
parasi tic  l oads  ou tside  the  system  boundary exist (e. g . ,  trackers  and  n igh t-time  e lectrici ty use  
by i nverters  and  transformers),  the  con tract or test defin i tion  defines  whether ad justments  are  
made  for these,  and ,  i f so,  these  ad justments  are  characterized .  

Measurement equ ipment and  procedures  for a l l  measured  parameters  are  recommended  to  
conform  to  I EC  61 724-1 ,  Class  A requ i rements.  However,  a  Class  B  or Class  C  evaluation  
(per the  con tract)  may also  be  completed  and  documented  in  the  fi nal  report.   

Al l  detai l s  of data  col lection  ( i nclud ing  sensor number,  main tenance,  ca l ibration  and  clean ing)  
fo l low I EC 61 724-1  accord ing  to  the  chosen  Class  of measurement wi th  the  exception  of:  

•  The  choice  of sensor and  sensor posi tion ing  shal l  be  consisten t wi th  the  performance  
model  that i s  being  used  for the  test.  

NOTE  Often  the  fi nal  uncerta i n ty of the  measuremen t i s  dom inated  by the  uncertai n ty of the  i rrad iance  
measurement,  so  h i gh -accu racy sensors  are  desi red .  

•  The  frequency of clean ing  of i rrad iance  sensors  may vary by s i te  and  shou ld  be  
documented .   

•  Veri fication  of accurate  posi tion ing  of the  sensors  i s  accompl ished  through  comparison  of 
data  from  a  clear day wi th  model led  i rrad iance  for a  clear day and  the  resu l ts  i ncluded  i n  
the  documentation  of the  uncertain ty of the  appl i cation  of the  test.   

•  When  i rrad iance  sensors  are  deployed  i n  the  plane  of the  array,  the  g round  a lbedo  shou ld  
be  measured  to  demonstrate  consistency wi th  that assumed  i n  the  model  and  the  resu l ts  
i ncluded  in  the  documentation  of the  uncertain ty of the  appl ication  of the  test.  

•  For Class  A tests,  because  the  i rrad iance  measurement i s  so  crucia l  to  the  test,  the  
cal 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  prevent a  systematic b ias  to  the  cal ibration .  

6 Procedure 

6.1  Overview 

The  terms  “pred icted”  and  “expected ”  energy are  defined  in  3 . 4  and  3 . 5  to  avoid  ambigu i ty 
when  d i fferen tiating  the  pred iction  based  on  h istorical  weather data  from  the  pred iction  based  

Copyright International  Electrotechnical  Commission  



I EC  TS  61 724-3: 201 6    I EC  201 6  – 1 3  – 

on  the  measured  weather data  for the  time  of i n terest.  The  methods  used  for calcu lating  the  
“pred icted”  and  “expected”  energ ies  are  a l igned  for consistency.  I f the  h istorical  and  
measured  weather data  d i ffer i n  thei r format,  the  appl ied  model  may be  i nadverten tl y 
changed .  Care  shal l  be  taken  to  address  the  d i fferences  in  the  weather data  used  for the  two  
calcu lations  so  that the  model  used  for calcu lating  the  “pred icted ”  energy i s  the  same  as  the  
model  used  for calcu lating  the  “expected”  energy.  

The  comparison  of measured  energy to  expected  energy i s  s impl i fied  by col lecting  the  new 
weather data  in  the  same  format as  the  h istorical  data.  I n  th is  case  both  parties  agree  upon  
and  document data  in  an  i den tical  format.  

The  comparison  of the  modeled  and  test resu l ts  to  evaluate  the  energy performance  i ndex i s  
documented  i n  detai l  i n  the  fol l owing  subclauses.  The  fol lowing  l i st  summarizes  6 . 2  to  6 . 9 :  

•  Define  test boundary to  a l i gn  wi th  the  i n tended  system  boundary.  

•  Calcu late  and  document the  pred icted  energy using  the  chosen  model  by l i sti ng  a l l  i npu ts  
i nclud ing  h istorical  weather data,  assumptions  regard ing  soi l i ng ,  shad ing ,  ou tages,  etc. ;  
the  raw data  shou ld  be  i ncluded  i n  the  final  report as  an  append ix.  The  pred icted  energy 
may assume 1 00  %  avai labi l i ty or may be  reduced  to  account for expected  times  of 
unavai labi l i ty.   

•  Complete  the  measurement of data  from  the  operating  system  over the  test period .  

•  I den ti fy times  when  the  system  is  unavai lable  for a  variety of reasons  that may be  external  
or i n ternal  to  the  p lan t.  

•  Evaluate  the  measured  data  to  i den ti fy and  document anomal ies  that may requ i re  extra  
treatment.  Such  anomal ies  i nclude  missing  or erroneous  data  that are  replaced .  

•  Calcu late  and  aggregate  the  expected  energy for the  fu l l  time  period ,  replacing  m issing  
data,  as  needed .  

•  Aggregate  the  measured  energy,  replacing  m issing  data,  as  needed .   

•  Compare  the  expected  and  measured  energ ies  from  the  p lan t to  derive  the  energy 
performance i ndex.  

•  Compute  the  uncertain ty of the  measurement.  

  

Copyright International  Electrotechnical  Commission  



 –  1 4  – I EC  TS  61 724-3: 201 6    I EC  201 6  

 

 

Times  of u navai l abi l i ty are  not add ressed  i n  th i s  fi gu re.  

Figure  1  – Schematic showing  relationsh ip  of pred icted,  expected ,  
and  measured  energies  to  reflect how the  model  i s  appl ied  consistently 

to  h istorical  and  measured  weather data   

6 .2  Calcu lation  and  documentation  of pred icted  energy and  the  method  that wi l l  be  
used  to  calcu late  the  expected  energy   

6 .2 .1  General  

As shown  i n  F igure  1 ,  the  fi rst step  i n  the  process,  typical l y,  i s  to  pred ict the  performance  of 
the  PV system  based  on  h istorical  weather data  using  a  model  that has  been  agreed  to  by the  
stakeholders.  The  model  i s  defined  in  terms  of the  model  i npu ts,  calcu lation  process,  and  how 
the  measured  meteorolog ical  data  wi l l  be  i npu t i n to  the  model .  I t  i s  expected  that the  
i n formation  requ i red  per th is  subclause  (6 . 2)  i s  documented  before  the  beg inn ing  of the  test;  
a l though  the  fi nal  comparison  of expected  and  measured  energy does  not use  the  pred icted  
energy d i rectly,  the  pred icted  energy i s  usual l y requ i red  for project p lann ing .  The  model  may 
assume  1 00  %  avai labi l i ty or may speci fy a  pred icted  unavai labi l i ty as  part of the  pred iction ,  
reducing  the  pred icted  energy for the  year accord ing ly.   

6.2.2  Defin i tion  of test  boundary to  al ign  wi th  intended  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 
may depend  on  what i s  considered  to  be  part of the  system.  The  stakeholders  of the  test shal l  
agree  on  the  defin i tion  of the  system  includ ing :   

•  The  meter(s)  that define  the  ou tpu t of the  system.  

IEC  

Setti ng  the  Predicted va l ue  

Fixed  model  i npu ts  

Vari ab le  i npu ts   
(meteorol og ical ,  HISTORICAL)  

Model  

Outpu t   
(pred icted )  

Generati ng  the  Expected  va l ue  

Same  fi xed  model  i npu ts  

Vari ab le  i npu ts   

(meteorol og ical ,  MEASURED )  

Generati ng  the  Measured va l ue  

Same  model  

Outpu t   
(expected )  

Outpu t  of p l an t  (measured )  
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•  Aspects  of system  design  that are  being  tested  such  as  whether modu les  are  mounted  
accord ing  to  the  design  (ti l t,  azimuth ,  heigh t,  racking  design )  a l lowing  the  expected  
cool ing  and  capture  of sun l igh t.  

•  Location  and  type  of a l l  measurement devices.  

•  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.  

NOTE  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.  G l obal  
hori zon ta l  i rrad i ance,  ambien t temperatu re ,  wi nd  speed ,  and  any other meteorol og ical  measurements  such  as  
hum id i ty and  atmospheri c  pressu re  l i e  ou ts i de  of th i s  d efau l t  test  boundary.  Al l  other aspects  of the  system  are  
cons idered  to  be  part  of the  PV system  that  i s  u nder test,  i ncl ud i ng  the  modu l e  temperature  and  the  p l ane-of-array 
i rrad i ance.  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  appl i cati on  of the  test  method  descri bed  i n  th i s  d ocument  and  as  an  example  for 
how to  d efi ne  the  test  boundary.  When  mode l s  i ncl ude  the  effects  of ra i n fa l l ,  i t  can  be  usefu l  to  a l so  move  ra i n fal l  
ou tsi de  of the  defau l t  test  boundary.  

6.2.3  Defin i tion  of the  meteorolog ical  inputs  used  for the  pred iction  

The  sources  of the  g lobal  horizon tal  i rrad iance,  ambien t temperature,  wind  speed ,  and  any 
other meteorolog ical  data  such  as  atmospheric pressure  and  humid i ty are  described  and  the  
raw data  are  i ncluded  as  an  append ix i n  the  fi nal  report.  I t  i s  expected  that th is  wi l l  be  
documented  as  speci fical l y as  possib le  before  the  test (e . g .  sensor type,  l ocation ,  clean ing  
and  cal ibration  schedu les,  and  any add i tional  relevant i n formation).  Refer to  I EC  61 724-1  for 
recommendations  regard ing  measurements  for the  chosen  accuracy of measurement 
(Class  A,  B ,  or C) .  

6.2.4 Defin i tion  of the  PV inputs  used  for the  pred iction  

Table  1  shows  the  i n formation  requested  abou t each  i npu t data  type.  Th is  example  table  
defines  the  i n formation  that i s  requested  abou t each  parameter.  Enough  i n formation  shou ld  
be  g iven  so  that the  pred iction  cou ld  be  dupl icated .  

Table  1  – Example  PV performance  input parameters   
to  the  model  for the  in i tial  pred iction   

I nput parameter Value  Source  of i n formation  

Modu le  P
max 

at STC  (or CSTC)  =  1  000  W/m2 ,  25  °C  cel l  temperatu re  205  W Data  sheet  

Modu l e  power temperatu re  coeffi ci en t –0 , 35  %/°C Data  sheet  

Number of modu l es  200  System  d rawings  

Number of s tri ngs  20  System  d rawings  

Ti l t  30°  System  d rawings  

Azimuth  1 80°  System  d rawings  

I n verter   

Al l  modu le  parameters  u sed  i n  model  are  enumerated  i n  th i s  tabl e  or i n  separate  tab l es  i n cl ud i ng  assumpti ons  
made  abou t  

– Shad i ng  

– Soi l i ng  and /or cl ean i ng  schedu l e   

–  Non -modu l e   (e . g .  i nverter or resi sti ve)  l oss  factors   

–  Operati ons  and  ma in tenance  avai l ab i l i ty assumptions   

–  U ti l i ty ava i l ab i l i ty and  cu rta i lmen t,  other ou tages  

– I nverter cl i ppi ng  

– Snow l osses  

Model  deta i l s  (ang le  of i nci dence,  seri es  res istance,  spectral  and  other parameters) .  

 

Some factors  may be  considered  ou tside  of the  s imu lation  tool .  Also,  a  s imple  model  such  as  
performance ratio  may be  used ,  i n  wh ich  case,  th is  table  becomes  very s imple.  
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6.2.5  Defin i tion  of measured  data  that wi l l  be  col lected  during  the  test 

The  test p lan  shal l  i nclude  documentation  for each  inpu t data  type.  The  test may i den ti fy a  
primary i rrad iance/temperature/wind  sensor that wi l l  be  used  as  l ong  as  data  appear to  be  
val id .  Al ternatively,  i f mu l tip le  sensors  of any type  are  used ,  the  test p lan  may i nd icate  use  of 
the  mean  of the  sensors.  The  choice  of how to  average  data  from  mu l tip le  sensors  shou ld  be  
defined  at  the  beg inn ing  of the  test,  bu t some  data  may be  d iscarded  by mu tual  consent of the  
stakeholders  i f there  i s  evidence  that the  data  are  i n  error by more  than  the  expected  
uncertain ty.   

I f cl ean l iness  of the  modu les  i s  considered  to  be  a  part  of the  system  qual i ty (as  i n  the  defau l t 
test boundary for Class  A measurements)  then  rain fal l  or other i npu ts  to  a  soi l i ng  model  are  
measured  and  the  soi l i ng  l evel  does  not need  to  be  measured .  I f modu le  fou l ing  i s  not 
considered  to  be  a  part of the  system  under test (e . g .  not part of an  energy guaran tee  as  
defined  by the  stakeholders),  then  add i tional  measurements  wi l l  be  needed  to  calcu late  
soi l i ng  l oss  that wi l l  be  cred i ted  to  the  energy measurement.  I t  i s  a lso  documented  whether 
and  how soi l i ng  and  snow effects  are  i ncluded  in  the  performance  model .   

Table  2  provides  examples  of the  types  of data  needed ;  some  models  may use  d i fferent 
i npu ts,  i nclud ing  spectral  measurements.  

I f a  model  uses  p lane-of-array i rrad iance  as  a  d i rect i nput,  the  modeler shou ld  calcu late  the  
requ i red  sensor a l i gnment to  l im i t  b ias  error to  the  desi red  uncertain ty and  the  a l i gnment 
requ i rement shou ld  be  speci fied  i n  Table  2 .  

S im i larl y,  the  modeler shou ld  evaluate  the  effect of the  l ocation  of the  wind  sensor and  
i nclude  the  wind -sensor mounting  requ i rements  i n  Table  2 .  
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Table  2  – Example  table  documenting  the  meteorological  and  other input parameters  
to  the  model  for the  calcu lation  of the  expected  energy  

I nput  
parameter 

Type  of 
sensor 

Location ,  
orien tation ,  

and /or 
posi tion ing  
of sensor 

Number 
of 

sensors  

Cal ibration  and  
main tenance  

( i nd icate  who wi l l  
provide  

maintenance  i f i t  
i s  not the  system  

operator)  

Al ignment 
check 

( i nd icate  who  
wi l l  check 

the  a l ignment 
i f i t  i s  not the  

i nstal l er)  

Data  
frequency and  

analysis  

Horizon ta l  
g l obal  
i rrad iance  

Pyranometer 
model  #  XXX*  

Moun ted  at  
he i gh t  of  
2  m  as  
l ocated  i n  
d rawing  Y*  

3  Once  per year;  
cl eaned  weekl y 

Wi th i n  1 °  

Con fi rmati on  
of vi ew of fu l l  
sky as  d efi ned  
by mode l  a t  
beg i nn ing  and  
end  of test 

Average  data  
over 1  h  and  
u se  mean  va l ue  
from  a l l  
functi on ing  
sensors  

Ambien t**  
temperatu re  

Type  T  
thermocouple  

As  l ocated  i n  
d rawing  Y*  

2  Ca l i brati on  before  
and  after test 

None  Average  data  
over 1  h  and  
u se  mean  val ue  
from  a l l  
functi on ing  
sensors  

Wind  speed  Anemometer 
Model  X*  

As  l ocated  i n  
d rawing  Y*  

1  Ca l i brati on  before  
and  after test 

None  Average  data  
over 1  h   

AC  energy U ti l i ty-g rade  
meter:  model  
XXX*  

Ou tpu t  of 
en ti re  system  
as  shown  on  
d rawing  Y,  
meter ###*  

1  Once  per year  N ot  appl i cabl e  I n tegrated  
energy i s  read  
da i l y  

Power factor      U se  i n formation  
from  i nverter 
manual  

I nd i cati on  that  
i nverters  are  
MPP  tracki ng  
correctl y  

Tabl e  i s  fi l l ed  
i n  as  i n  
examples  
above  

     

Parasi ti c  
energy l osses  

      

Data  checki ng     I n d i cate  who  i s  
responsibl e  for 
d a i l y checks  

 Da i l y checking  
i s  
recommended  

Hand l i ng  of 
m i ss i ng  data  

     I n d i cate  any 
devi ati ons  from  
6 . 5  

Add  l i nes  for 
add i ti onal  
parameters  

      

*   X,  Y,  or ## are  u sed  as  p l ace  ho l ders  for the  actua l  i n formation .  

* *   The  modu l e  temperatu re  may a l so  be  measured .  

 

6.2.6  Defin i tion  of the  model  calcu lations  

The  model i ng  procedure  shal l  be  defined  wi th  as  much  detai l  as  requ i red  so  that a  techn ical l y 
competen t i nd ividual  can  reproduce  the  calcu lation  of pred icted  energy.  The  description  may 
be  documented  through  a  reference  that i s  read i ly avai lable.  The  model  defin i tion  i s  ou tside  
the  scope  of th is  document.  

Some  common  models  neg lect to  i nclude  the  effects  of snow and  soi l i ng .  The  model  shou ld  
define  assumptions  abou t the  clean ing  (manual  or by precipi tation)  of the  array (as  wel l  as  the  
clean ing  of i rrad iance  sensors,  as  i ncluded  in  Table  2)  and  abou t snow coverage.  These  
assumptions  shal l  be  documented  as  part of the  model  description .  I t  i s  recommended  that 
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the  system  operator takes  responsibi l i ty for the  clean l iness  of the  array and  that the  losses  
are  assumed  to  be  i ndependent of the  weather.  The  decrease  i n  ou tpu t may be  quan ti fied  
from  d i rect measurement of cleaned  and  natural l y soi l ed  modu les,  bu t the  parties  shou ld  
recogn ize  that soi l ing  can  be  exacerbated  by poor system  design  and  operation .  I f correction  
i s  desi red  for l ost production  from  snow coverage,  i t  i s  recommended  to  screen  for such  days  
and  ad just the  expected  energy manual ly i f the  model  does  not d i rectl y i nclude  l osses  
associated  wi th  snow.   

The  model  defin i ti on  shou ld  be  clear regard ing  exclusion  of n igh ttime  data,  wh ich  i s  
recommended .  However,  i f parasi tic  l oads  are  i ncluded  in  the  model ,  then  these  l oads  shal l  
be  measured  through  the  n igh t.  The  speci fics  of hand l ing  data  near sunrise  and  sunset shou ld  
be  defined  both  wi th  regard  to  whether they are  included  i n  the  model  and  wi th  regard  to  
whether the  measured  i rrad iance  data  are  confi rmed  to  be  shade  free  near sunrise  and  
sunset.  I n  general ,  fol lowing  the  gu idel ines  provided  i n  I EC  61 724-1  i s  encouraged .  I t  i s  
recommended  to  capture  times  of unavai l abi l i ty that occur when  i nverters  are  not function ing  
at dawn  and  dusk.  The  low l i ght l evels  and  low modeled  ou tpu t typical l y render these  times  
un importan t,  bu t i f i nverters  are  s low to  start  up  i n  the  morn ing  or trip  off i n  the  even ing  wh i le  
the  i rrad iance  i s  sti l l  re lati vely h igh ,  th is  l oss  shou ld  be  captured  as  a  reduced  avai labi l i ty.  

The  model  defin i tion  shou ld  a l so  i nclude  a  p lan  abou t how missing  data  wi l l  be  hand led ,  
especia l l y i n  the  case  of more  than  one  week of m issing  data.   

Al l  of the  choices  d iscussed  above,  i nclud ing  parties  responsible  for any clean ing  and  the  
frequency of clean ing ,  shou ld  be  documented  in  the  test p lan .  

I f the  system  i s  pred icted  to  be  unavai lable  because  the  g ri d  i s  pred icted  to  be  unavai lable  to  
receive  e lectrici ty under speci fic cond i tions,  then  th is  wi l l  be  captured  both  i n  the  pred icted  
and  expected  production .  

6.2.7  Pred icted  energy for the  specified  system  and  time  period  

Using  the  inpu ts  and  processes  described  in  6 . 2 . 2  th rough  6 . 2 . 6 ,  state  the  resu l ting  pred icted  
energy for the  designated  system  and  how th is  relates  to  the  system  outpu ts  that are  defined  
i n  Table  2 .  The  energy may be  pred icted  for DC and /or AC ou tpu t and  add i tional  pred ictions  
may be  suppl ied  for parasi tic  l osses,  such  as  for operating  trackers.  I f the  system  is  not wel l  
described  by a  separate  document,  the  modeled  system  shal l  be  described  i n  th is  section  
i nclud ing  a l l  detai l s  that are  re levant to  the  model ,  such  as  the  number of modu les,  mounting  
configuration ,  etc.  I f the  test may be  appl ied  in  a  phased  way,  the  system  description  may 
define  each  subsystem.  I f the  time  period  may be  l ong  enough  to  resu l t  i n  degradation  of the  
array and /or i f the  test wi l l  be  delayed  to  a l l ow for l i gh t- induced  changes,  these  shal l  be  
described .  

6.2.8  Uncertainty defin i tion    

Test uncertain ty shou ld  be  computed  fol l owing  methods  presented  i n  the  ASME performance  
test codes  1 9. 1 ,  I SO/IEC Gu ide  98-1 : 2009,  I SO/IEC Gu ide  98-3:2008,  I SO  5725,  or I SO  GUM.  
The  uncertain ty defin i tion  and  i ts  role  i n  defin ing  the  pass/fai l  test ou tcome  comparing  the  
expected  and  measured  energy shal l  be  agreed  upon .  The  uncertain ty i n  the  avai labi l i ty 
(unavai labi l i ty)  shou ld  be  considered  as  part of the  tota l  uncertain ty,  i f appl icable.  I t  i s  h igh ly 
recommended  that th is  agreement be  documented  in  advance  of the  test.  Typical l y,  the  
uncertain ty agreed  to  by the  stakeholders  wi l l  form  a  dead  band  around  any guarantee.  Th is  
dead  band  d i sadvantages  the  parties  of the  test,  so  shou ld  be  kept as  smal l  as  possib le.   

Both  systematic (b ias)  and  random  (precision)  uncertain ties  are  included  i n  the  analysis .  The  
con tribu tions  to  the  uncertain 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,  and  e lectrical  energy 
generated .  
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More  detai led  descriptions  of i den ti fying  uncertain ties  associated  wi th  the  measured  data  are  
described  i n  6 . 9.  These  shou ld  be  reviewed  and  agreed  upon  as  part of the  i n i tia l  defin i ti on  of 
uncertain ty even  though  they cannot be  appl ied  un ti l  after the  data  are  col lected .  

Strateg ies  for reducing  uncertain ty are  best implemented  before  data  are  acqu i red  and  
i nclude:  

•  U se  h igher qual i ty i rrad iance  sensors.  

•  U se  mu l tip le  sensors  e i ther to  add  redundancy,  to  help  i n  detecting  sensor d ri ft/fau l t,  or to  
document variabi l i ty of that parameter,  especia l l y when  the  p lan t design  may induce  
variabi l i ty through  variable  modu le  a l i gnment and /or because  of variations  i n  the  terrain ,  
for example.   

•  Execute  comprehensive,  dai l y data  checks  includ ing  values  ou t of range  and  m issing  data,  
n igh ttime  measurements  that deviate  from  zero,  and  comparison  between  s im i lar systems  
to  detect deviations.  Any i ssues  shou ld  be  promptly resolved .  

•  Pay specia l  atten tion  to  possible  shad ing  of i rrad iance  sensors.  

•  Compare  data  to  other data  streams  obtained  nearby to  detect and  resolve  problems  
qu ickly.  On  sunny days,  data  may be  compared  d i rectl y;  on  cloudy days,  comparison  of 
i n tegrated  data  may provide  more  accurate  i denti fication  of problems.  

•  Carefu l l y i den ti fy m issing  or erroneous  data  i nclud ing  variations  in  data  col lection  
frequency and /or dupl icate  records.  

6.3  Measurement of data    

The  data  speci fied  i n  Table  2  are  col l ected  and  recorded  at  the  speci fied  frequency and  i n  the  
speci fied  format wi th  every effort  made  to  avoid  gaps  in  data,  to  main tain  sensor function  and  
cal ibration  through  early detection  of fa i lu res,  and  to  strictly adhere  to  agreed-upon  
procedures.  The  clean ing  of sensors  shou ld  be  documented  th rough  a  log  of the  date/time  of 
clean ing  and  notes  on  any unusual  observations  (a  photograph  i s  recommended ,  especial l y i f 
there  i s  a  soi l ing  mon i tor).   

6.4 Identi fication  of data  associated  with  unavai labi l i ty  

The  data  shou ld  be  screened  for times  when  any i nverter i s  off l i ne  (not converting  DC to  AC 
electrici ty)  or some  other component i s  off l i ne.  The  expected  energy production  associated  
wi th  the  unavai labi l i ty i s  tabu lated  and  aggregated  to  provide  the  expected  energy for the  
times  during  the  year when  the  p lan t i s  unavai lable.  The  status  fl ag  of the  i nverter provides  a  
conven ien t method  for i den ti fying  components  that are  off l i ne.  However,  some  p lan ts  may be  
i nstrumented  for the  purpose  of mon i toring  the  heal th  of the  system  and  may be  able  to  detect 
ou tages  when  they occur at  a  component l evel .  Times  of unavai l abi l i ty that occur at the  
beg inn ing  and  end  of the  day because  of s low inverter start up  or early i nverter shu t down  
shou ld  be  captured .  

The  times  of unavai l abi l i ty may be  separated  in to  two  categories  to  d i fferentiate  causes  of 
unavai labi l i ty that are  i n ternal  and  external  to  the  system,  as  agreed  to  by the  stakeholders.  
Preferably,  th is  d i fferen tiation  i s  defined  before  the  test beg ins.  

6.5 Identi fication  of erroneous  data  and  replacement or ad justment of such  data  and  
preparation  of model  input dataset   

6 .5. 1  General  

Data  are  examined  for errors;  the  exact procedure  may vary depend ing  on  the  data  that are  
col lected .  Wh i le  i t  i s  recommended  to  document approved  methods  for fi l tering  data  prior to  
testing ,  system  complexi ty makes  th is  d i fficu l t  and  a  new,  mutual ly agreed-upon  process  may 
be  needed  du ring  the  test;  the  fi l ters  that are  appl ied  and  the  data  that are  removed  shal l  be  
documented  i n  the  report.  The  fol lowing  (6 .5.2  to  6 . 5. 1 4)  are  suggestions  and  may not be  
appl icable  i n  a l l  s i tuations.  
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6.5.2  Data  checks  for each  data  stream 

Each  data  stream  is  checked  for data  ou t of range,  m issing  data,  or unreasonable  trends  as  
described  in  I EC  61 724-1 .  An  example  procedure  i s  g iven  i n  more  detai l  i n  Table  3 .  
Depend ing  on  the  l ocal  cond i tions,  the  detai l s  of the  p lan t design ,  and  the  add i tion  of other 
data  streams,  the  fi l tering  cri teria  may be  mod i fied ,  bu t a l l  four types  of fi l ters  (range,  m issing  
data,  dead  value,  and  abrupt change)  shal l  be  appl ied  and  documented  as  part of the  final  
report.  F lagged  data  are  examined  to  determine  the  underlying  cause  and  whether the  flag  
shou ld  be  retained .  

Table  3  −  Example  of data  fi l tering  cri teria,  to  be  ad justed  according  to  local  condi tions  

  Suggested  cri teria  for fl ag  (1 5  m in  data)  

F l ag  
type  

Description  
I rradiance  
 W/m2  

Temperature   
°C  

Wind  
speed  
m/s  

Power  
(AC  power rating )  

Range  
Val ue  ou ts i de  of reasonabl e  
bounds  

<  –6  

or 

>  1   500  

>  50  

or 

<  –30  

>32  

or 

<  0  

>  1 , 02  ×  rati ng  

or 

<  –0 , 01  ×  ra ti ng  

Missi ng  Val ues  are  m iss i ng  or d upl i cates  n /a  n /a  n /a  n /a  

Dead  
Val ues  stuck a t  a  s i ng l e  va l ue  
over t ime.  Detected  us i ng  
deri vative .  

<  0 , 0001  wh i l e  va l ue  i s  

>  5  
<  0 , 0001  ?  ?  

Abrupt  
change  

Val ues  change  un reasonabl y 
between  data  poi n ts .  Detected  
us i ng  deri vati ve.  

>  800  >  4  >  1 0  >  80  %  rati ng  

May be  ad j usted  depend i ng  on  the  ti l t  of the  system  and  the  season  of data  acqu i s i t i on .  

 

As  part of the  data  fi l tering ,  the  data  shou ld  be  b inned  i n to  times  when  i nverters  (or other 
system  parts  i f desi red )  were  on  l i ne  and  off l i ne.  I n  the  case  where  a  s ing le  i nverter i s  off 
l i ne,  bu t the  system  ou tpu t i s  measured  at a  s ing le  poin t for the  en ti re  system,  the  expected  
energy i s  parti tioned  to  reflect the  expected  energy from  the  function ing  i nverters  (or other 
system  parts,  i f desi red)  and  the  expected  energy from  the  offl ine  i nverters  and  aggregated  
separately.  The  energy aggregated  for times  when  the  system  was  off l i ne  may be  separated  
i n to  two  categories:  problems  caused  by i n ternal  and  external  reasons.  An  example  of the  
b inn ing  can  be  found  in  Annex A.  

6.5.3  Shading  of i rrad iance  sensor   

6 .5.3.1  General  

Because  of the  sensi ti vi ty of the  test to  the  i rrad iance  data,  special  atten tion  shou ld  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.  A recommended  procedure  for i den ti fying  such  data  i n  the  case  where  
mu l tiple  sensors  are  being  used  i s :      

6.5.3.2  Step  1  

I den ti fy a  clear day i n  each  quarter.   

6.5.3.3  Step  2  

Compute  the  average  i rrad iance  value  for each  sensor du ring  each  time  i n terval  and  compare  
each  i nd ividual  value  wi th  the  average  value  for a l l  sensors.  I f th is  d i fference  i s  g reater than  
the  uncertain ty of the  sensors,  i nspect the  data  to  i den ti fy a  probable  cause.  (Note  that i f the  
data  are  taken  more  frequently than  once  per m inu te,  the  data  shou ld  be  averaged  over a  
time  period  of at l east 1  m in . )  
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6.5.3.4 Step  3  

Look for d ri ft  of the  cal ibrations  of the  sensors.   

6.5.3.5  Step  4  

Discard  data  that can  be  traced  to  mal function ing  of the  sensor or data  acqu is i tion  system.   

D iscard  data  from  sensors  that are  ou t of cal ibration .  

Th is  action  shou ld  be  done  on ly wi th  mu tual  consent of the  stakeholders.   

6.5.3.6  Step  5  

Discard  i nd ividual  data  poin ts  that are  compromised  by sensor main tenance  or clean ing .   

6.5.3.7  Step  6  

I f a l l  data  for some time  periods  are  removed ,  th is  time  period  i s  treated  as  m issing  data.  The  
m issing  data,  cause  for removal  of the  data,  and  the  impact of the  removal  of the  data  are  
presented  in  the  report.  Th is  action  shou ld  be  done  on ly wi th  mutual  consent of the  
stakeholders.   

6.5.4 Cal ibration  accuracy   

Accurate  cal ibrations  are  needed  for a l l  sensors  to  provide  a  test resu l t  wi th  low uncertain ty.  
I n  add i tion  to  confi rm ing  that the  cal ibrations  were  completed  as  p lanned ,  the  n igh ttime  data  
shou ld  be  checked  to  confi rm  accurate  zero-poin t cal ibration ,  noting  that i t  i s  common  for a  
pyranometer to  show a  negative  s ignal  of 1  W/m2  to  3  W/m2 .   

6.5.5  F inal  check 

To assist i n  i den ti fying  problematic data  or operating  even ts,  s imu late  the  p lan t model  us ing  
the  measured  weather data  as  i npu t.  Compare  the  resu l ting  expected  power wi th  the  
measured  power.  Al l  areas  where  there  i s  a  noticeable  d ivergence  shou ld  be  i nvestigated  for 
root causes.  After d iagnosed ,  the  events  can  be  assessed  wi th  a  determination  of how to  
address  any i den ti fied  anomal ies.  Th is  decision  shou ld  be  based  on  gu idel ines  i n  th is  
document or the  project con tracts,  and  in  a l l  cases  shou ld  be  by concurrence  from  al l  
s takeholders.    

6.5.6  Using  data  from  multiple  sensors    

6 .5.6.1  General  

I f the  data  inspection  i denti fies  error 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  
consent of the  stakeholders.   

6.5.6.2  Mu ltiple  i rrad iance  sensors  

The  i rrad iance  used  as  i npu t to  the  model  shou ld  be  the  average  of the  avai lable  
measurements,  except where  one  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.  I rrad iance  data  from  nearby meteorolog ical  stations  or from  satel l i te  data  may be  
used  when  i t  i s  expected  to  improve  the  accuracy of the  test and  wi th  mu tual  consent of the  
parties.  The  type  of i rrad iance  sensor,  i ts  mounting ,  main tenance,  accuracy,  resolu tion  and  
cal ibration  status  of such  sensors  shal l  be  consisten t wi th  the  in i tia l  model  defin i tion .  
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6.5.6.3  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  inpu t to  the  model  shou ld  be  the  average  or med ian  of the  remain ing  measurements.  
Temperature  data  from  nearby meteorolog ical  stations,  from  numerical  weather models,  or 
from  satel l i te  data  may be  used  when  i t  i s  expected  to  improve  the  accuracy of the  test and  
wi th  mutual  consent of the  stakeholders.  The  type  of temperature  sensor,  accuracy,  resolu tion  
and  cal ibration  status  of such  sensors  shal l  be  consisten t wi th  the  i n i tia l  model  defin i tion .  

6.5.7  Substi tution  of back-up  data  for erroneous  or missing  data 

I n  the  case  where  i rrad iance,  wind ,  temperature  and /or production  data  are  m issing  from  the  
sensors,  bu t are  avai lable  from  another source  that i s  representative  of the  actual  data,  the  
data  from  the  other source  may be  substi tu ted .  The  report documents:   

a)  the  rationale  for determin ing  that the  other measurements  are  representative,  and   

b)  the  uncertain ty associated  wi th  th is  substi tu tion .     

6.5.8  Out-of-range  data  or data  that  are  known  to  be  incorrect   

Out-of-range  data  and  poor data  that resu l t from  equ ipment mal function  (e. g . ,  d ri ft  ou t of 
ca l ibration ,  tracker dysfunction ,  etc. )  wi l l  be  treated  as  described  previously.  The  method  for 
determin ing  equ ipment mal function  i s  based  on  nearby sensor data  or clear sky models,  
rather than  by comparison  to  the  modeled  ou tpu t of the  PV system.  These  data  shou ld  be  
i den ti fied  on  a  dai l y basis  during  the  data  acqu is i tion  so  that problems  can  be  resolved  before  
s ign i fican t impact on  the  test resu l t.   

6.5.9  M issing  data   

When  no  data  are  i den ti fied  to  replace  m issing  weather data  and  i f the  i nverter was  not 
function ing  during  that time  period ,  the  expected  energy for the  time  period  i s  modeled  from  
the  h istorical  weather data  and  i s  aggregated  wi th  the  expected  energy for the  times  of 
unavai labi l i ty.  

When  no  data  are  i den ti fi ed  to  replace  m issing  weather data  and  the  inverter i s  function ing ,  
then  the  expected  energy i s  taken  to  equal  the  measured  energy during  that time  period .  

I f both  the  measured  energy ou tput and  the  weather data  are  m issing ,  bu t the  p lan t was  
known  to  be  function ing  du ring  that time  period ,  the  pred icted  energy (calcu lated  from  the  
model  us ing  the  h istorical  weather data)  i s  used  for both  the  expected  and  measured  energy 
during  that time  period .  

I f the  m issing  data  affect more  than  a  week of performance  ou t of a  year,  the  b ias  i n troduced  
by the  above  approach  may become unacceptable  and  the  parties  to  the  test shal l  agree  upon  
the  best way to  hand le  the  missing  data,  i nclud ing  the  possib i l i ty that the  test may be  
considered  inval id  i f too  many data  are  m issing .  

Whenever there  i s  m issing  data,  the  method  of substi tu tion  of data  and  the  uncertain ty 
associated  wi th  the  substi tu tion  shal l  be  i ncluded  i n  the  report.  

6.5.1 0  Partial ly missing  data  or partial  unavai labi l i ty  

When  data  are  avai lable  for part of a  time  period  (e. g . ,  i f the  model  i s  us ing  hourly averages  
and  the  data  are  avai lable  on ly for part of the  hour)  i f <  1 0  %  of the  e lectrici ty or i rrad iance  
data  are  m issing ,  the  average  of the  avai lable  data  for that time  period  may be  used .  For 
temperature  and  wind  data,  th is  requ i rement i s  <  20  %  and  <  50  %,  respectively.  When  the  
fraction  of m issing  data  i s  smal l  enough  to  use  the  data  for that hour,  the  existing  data  are  
averaged  for that hour.  I f the  fraction  of m issing  data  exceeds  these  gu idel ines,  the  data  
shou ld  be  treated  as  m issing  data  as  i nd icated  in  6 . 5. 9.  I n  any case,  data  for the  same time  
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period  are  hand led  consisten tl y between  both  the  i rrad iance  and  PV performance  data.  
Speci fical l y,  i f data  are  substi tu ted  because  of anomal ies  associated  wi th  i nverter start up  or 
shu t down ,  re l iable  data  wi l l  be  retained  for the  fraction  of the  hour when  data  are  avai lable  i n  
order to  reflect the  state  of the  system  as  accurately as  possib le  during  these  hours  because  
the  energy generated  du ring  these  hours  typical l y d i ffers  s ign i fican tly from  the  expected  
energy.   

6.5.1 1  Curtai lment because  of external  requ irement   

I n  the  case  of curtai lment because  of external  requ i rement l im i ting  the  uptake  of g rid  that was  
accounted  for by the  orig inal  model ,  then  the  model  shou ld  correct for th is  accurately.  The  
expected  energy shou ld  be  calcu lated  i n  the  same  way.  I f curtai lment i s  i nconsisten tl y 
implemented  or the  a lgori thm  i s  mod i fied  i n  any way during  the  test,  th is  shal l  be  documented  
i n  the  test report.   

I f the  external  requ i rement for l im i ting  the  uptake  of the  g rid  d i ffers  from  the  orig inal  model  
(e i ther requ i ring  no  connection  to  the  g rid  or an  i npu t to  the  g rid  that i s  l ess  than  what was  
orig inal l y modeled ),  the  d i fference  between  the  two  external  requ i rements  shal l  be  
documented  as  a  time  of unavai labi l i ty i f the  new external  requ i rement i s  reduced .   

I n  general ,  unavai labi l i ty caused  by unplanned  curta i lment i s  considered  to  be  an  external  
cause  of unavai labi l i ty.  

6.5.1 2  Inverter cl ipping  (constrained  operation)    

I n  the  case  of i nverter cl i pping  because  the  i nverter has  reached  i ts  ou tpu t capabi l i ty,  i t  i s  
assumed  that the  model  orig inal l y quan ti fi ed  the  ou tpu t assuming  th is  cl ipping .  The  expected  
energy shou ld  be  calcu lated  i n  the  same  way.   

6.5.1 3  Planned  outage  or force  majeure 

I f a  p lanned  ou tage  was  documented  i n  the  orig inal  contract as  excludable,  then  the  pred icted  
energy for th is  time  period  shou ld  be  documented  i n  the  report to  help  understand  the  causes  
for the  reported  unavai labi l i ty.  I n  a l l  cases  the  expected  energy during  any ou tage  i s  i ncluded  
as  part of the  unavai l abi l i ty calcu lations  and  i s  categorized  as  caused  by external ly caused  
unavai labi l i ty.     

6.5.1 4 Grid  support events  (e.g .  deviation  from  un i ty power factor)   

Sometimes  the  power factor of power p lan t operation  may not be  un i ty.  Deviations  from  a  
un i ty power factor can  affect power ou tpu t and  shou ld  be  considered  when  developing  the  
model .  Measurements  of the  power factor commonly found  on  the  g rid  where  the  PV system  
wi l l  be  i nstal l ed  may be  col lected  du ring  the  p lann ing  phase  of the  project to  determine  i f 
operation  away from  a  un i ty power factor may be  requ i red .  The  power factor shou ld  be  
documented  during  the  measurement period  and  the  expected  real  energy shou ld  be  
calcu lated  using  the  actual  power factor.  The  method  for addressing  deviations  from  un i ty 
power factor shal l  be  agreed  to  by a l l  parties.  

6.6  Calcu lation  of expected  energy   

6.6.1  General  

The  expected  energy generated  by the  faci l i ty i s  ca lcu lated  by i npu tting  the  measured  variable  
i npu t data  during  the  test period  i n to  the  performance  model .  The  fol lowing  i s  a  step-by-step  
procedure  for calcu lati ng  the  expected  energy.  
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6.6.2  Measure  inputs    

Measure  al l  variable  i npu ts,  i nclud ing  meteorolog ical  data  and  p lan t-speci fic parameters  
necessary to  update  the  pred icted  average-year performance  model  to  account for the  actual  
cond i tions  du ring  the  test period .  These  are  speci fied  i n  Table  2 .  

6.6.3  Acceptabi l i ty of data  

As necessary,  va l idate  the  measured  variable  i npu t data  per 6 . 5.  

6.6.4 Time interval  consistency   

Ensure  that the  time  i n terval  of the  measured  variable  i npu t data  i s  consistent wi th  the  i npu t 
requ i rements  of the  performance  model .  For example,  i f runn ing  an  hourly s imu lation  program  
as  the  performance  model ,  and  h igher than  one  hour resolu tion  data  are  measured ,  create  an  
hourly data  fi l e  by averag ing  the  measured  variable  i npu ts  at the  col lected  time  i n terval .  Th is  
procedure  shou ld  have  been  defined  i n  6 . 2 .5.  See  6 .9  for further detai l s .  

6.6.5  Time stamp al ignment   

Documentation  of time  stamps  shou ld  fo l l ow I SO  8601 : 2004.  Make  sure  that hourly data,  such  
as  hour end ing ,  hour beg inn ing ,  or m idd le-of-hour average,  are  at  the  proper time  stamp.  Also  
confi rm  a l i gnment between  the  col lected  data  and  the  software  conventions  for time  stamp  
format (preferably fol lowing  I SO  8601 ) ,  treatment of “summer”  or “dayl igh t savings”  time,  
i nclusion  of l eap  days,  and  i nd ication  of m idn igh t as  0 : 00  or 24: 00,  i f appl icable.  

6.6.6  Calcu late  expected  energy during  times  of unavai labi l i ty   

I npu t measured  meteorolog ical  data  i n to  the  performance  model  us ing  the  detai l s  i n  6 . 2  to  
calcu late  the  expected  energy for times  of unavai labi l i ty du ring  the  test period .  

Document a l l  times  of unavai labi l i ty and  the  associated  expected  energy that was  not real ized  
during  the  test period ,  and ,  i f desi red ,  separate  these  i n to  energy associated  wi th  i n ternal l y 
and  external ly caused  unavai labi l i ty,  commenting  on  any i denti fi ed  causes  for unavai labi l i ty.  I f 
the  causes  of unavai labi l i ty are  i den ti fi ed  i n  th is  way,  then  the  external -cause-excluded  
energy avai labi l i ty shou ld  be  calcu lated  as  described  in  6 . 8. 1 .  The  effect of non-un i ty power 
factor shou ld  be  i ncluded  in  calcu lating  the  real  energy.  

6.6.7  Calcu late  expected  energy during  times  of avai labi l i ty   

I npu t measured  meteorolog ical  data  i n to  the  performance  model  us ing  the  detai l s  i n  6 . 2  to  
calcu late  the  expected  energy for times  of avai labi l i ty during  the  test period .  Both  real  and  
apparent expected  energy shou ld  be  calcu lated .  

6.6.8  Calcu late  total  expected  energy  

The  tota l  expected  energy i s  ca lcu lated  as  the  sum  of the  expected  energ ies  during  the  times  
of unavai labi l i ty and  avai labi l i ty as  calcu lated  i n  6 . 6 .6  and  6 . 6 .7 .  Both  real  and  apparen t 
expected  energy shou ld  be  calcu lated .  

6.6.9  Analyse  d iscrepancies    

I f the  expected  energy deviates  from  the  pred icted  energy s ign i ficantly (by more  than  1 0  %),  
then  a  root cause  d iagnosis  shou ld  be  completed .  For example,  such  a  d iagnosis  m ight be  
that the  weather for the  year was  unexpected ,  the  s imu lation  model  i s  d i fferen t than  the  as-
bu i l t  p lan t,  or there  was  unusual  m issing  data.  The  test report shou ld  comment on  whether the  
test shou ld  sti l l  be  considered  val id .  
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6.7  Calcu lation  of measured  energy 

The  measured  energy i s  the  resu l t  of a l l  energy generated  by the  faci l i ty as  measured  at the  
metering  l ocation  during  the  test period  after subtracting  ou t energy associated  wi th  parasi tic 
power l osses.  I f substi tu tions  were  made  for m issing  data,  care  shou ld  be  taken  that the  
measured  energy production  i s  estimated  i n  a  way that i s  consisten t wi th  how the  expected  
energy for that time  period  was  defined .   

6.8  Calcu lation  of metrics  from  measured  data  

6.8.1  Calcu lation  of energy performance index and  avai labi l i ty   

The  measured  energy (6. 7)  and  expected  energy (6. 6)  are  compared :    

 Energy performance  i ndex =  Measured  / Expected  (1 )  

 Energy performance  i ndex wi th  un i ts  of %  =  (Measured  / Expected)  ×  1 00  %  (2)  

Al ternatively,  the  measured  data  may be  ad justed  by the  ratio  of the  pred icted /expected  
energy and  compared  d i rectly wi th  the  i n i tia l  pred iction .  

The  a l l - in  energy performance  index i s  ca lcu lated  using  the  tota l  expected  energy,  as  
calcu lated  i n  6 . 6 .8.   

The  i n -service  energy performance i ndex i s  ca lcu lated  using  the  expected  energy during  
times  of avai labi l i ty,  as  described  i n  6 . 6 .7 .   

The  external -cause-excluded  energy avai labi l i ty i s  ca lcu lated  exclud ing  the  expected  energy 
during  times  of unavai labi l i ty that were  caused  by ci rcumstances  ou tside  of the  con trol  of the  
plan t.  

The  comparison  of measured  and  expected  energy i ncludes  a  consideration  of the  
uncertain ties  calcu lated  i n  6 . 9 ,  as  gu ided  by the  i n i tia l  agreement or test p lan .  

The  energy unavai labi l i ty i s  ca lcu lated  as  the  ratio  of the  expected  energy for times  of 
unavai labi l i ty (as  defined  in  6 . 6 . 6)  to  the  tota l  expected  energy (as  defined  i n  6 . 6 .8).  Th is  ratio  
may be  expressed  as  a  fraction  or a  percentage.  

The  energy avai labi l i ty i s  calcu lated  from  the  energy unavai labi l i ty when  the  energy 
unavai labi l i ty i s  expressed  as  a  fraction :  

 Energy avai labi l i ty =  1  – energy unavai labi l i ty  (3)  

Or,  the  energy avai labi l i ty i s  calcu lated  from  the  energy unavai labi l i ty when  the  energy 
unavai labi l i ty i s  expressed  as  a  percentage:  

 Energy avai labi l i ty =  1 00  %  – energy unavai labi l i ty  (4)  

6.8.2  Calcu lation  of capaci ty factor   

The  capaci ty factor i s  a  metric common ly appl ied  to  power p lan ts  and  faci l i tates  comparison  
between  PV and  other power p lan ts.  I ts  calcu lation  i s  based  on  the  AC  rating  of the  p lan t ( the  
lesser of the  array DC power rating  or the  sum  of the  i nverter ratings  in  the  system,  as  defined  
i n  I EC  61 724-1 )  and  defines  the  fraction  of e lectrical  energy that was  generated  compared  
wi th  what the  p lan t wou ld  have  generated  i f i t  operated  at  the  AC rated  power 1 00  %  of the  
time.  
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 Capaci ty factor =  (Eout  /  AC  rating)  /  (24  ×  days)   (5)  

Where  Eout  i s  i n  kWh,  the  AC  rati ng  i s  i n  kW as  calcu lated  from  the  sum  of the  i nverter 
rati ngs,  and  days  i s  the  number of days  of the  test,  typical l y 365  or 366.  

6.8.3  Calcu lation  of performance ratio    

The  performance  ratio  (as  defined  in  fu ture  I EC  61 724-1 ,  1 0 .3. 1 )  reflects  the  e lectrical  energy 
generated  re lative  to  the  amount of i rrad iation  and  the  array DC power rating  of the  p lan t.  I t  i s  
ca lcu lated  from:  

 Performance ratio  =  (Eout  /  P0)  /  (Hi  /  G i , ref)   (6)  

where   

Eou t   i s  i n  kWh,   

P0   i s  the  array DC power rating  i n  kW,   

Hi   i s  the  p lane-of-array i rrad iation  i n  kW/m2 ,  and   

Gi , ref   i s  the  i rrad iance  used  for rating  the  modu les,  usual l y 1  kW/m2 .   

6.9  Uncertainty analysis   

As part of the  performance  guaran tee  or test p lan ,  the  agreement states  whether the  
uncertain ty of the  measurement i s  considered .  Thus,  i t  can  be  essentia l  to  quan ti fy the  
uncertain ty of the  measurement and  analysis  as  part of determin ing  whether the  measured  
performance  meets  expectations.   

The  data  are  col lected  wi th  an  accuracy that i s  consistent wi th  or better than  the  descriptions  
provided  in  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 lso  depend  on  the  fraction  of data  that i s  d i scarded  and  other 
factors  that are  not defined  in  I EC 61 724-1 .  Subclause  6 . 2 . 8  provides  add i tional  gu idance  
regard ing  the  uncertain ty analysis.  The  method  for calcu lating  the  uncertain ty shou ld  fo l low 
what was  agreed  upon  orig inal l y.  Any changes  or refinements  shal l  be  agreed  upon  by a l l  
s takeholders  to  the  test.  

The  uncertain ty shou ld  be  determined  for the  test resu l t,  not for the  orig inal  pred iction .  
Uncertain ties  associated  wi th  the  model  used  for the  orig inal  pred iction  are  neg lected  
because  the  agreement i s  based  on  the  orig inal  pred iction .  However,  uncertain ties  associated  
wi th  the  measured  weather data  wi l l  i n troduce  uncertain ty i n  the  calcu lated  expected  energy,  
wh ich  i s  ca lcu lated  using  the  same  model .   

Both  systematic (bias)  and  random  (precision)  uncertain ties  are  included  i n  the  analysis .  The  
contribu tions  to  the  uncertain ty depend  on  the  model  that i s  used ,  bu t general l y i nclude  
uncertain ty i n  the  measurements  of the  i rrad iance,  temperature,  and  e lectrici ty generated .  

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.  As  noted  previously,  
i f i nspection  of the  data  i den ti fies  sensor data  wi th  d ri ft  or other error ou tside  of the  
manufacturer’s  speci fications,  th is  data  may be  d iscarded  by mu tual  consent of the  parties.  I f 
such  data  are  not d iscarded ,  then  the  uncertain ty i s  i ncreased  to  be  commensurate  wi th  the  
observed  d iscrepancy.  

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

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

•  a lbedo  d i fference  between  model  and  what i s  found  next to  a  plane-of-array sensor;  
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•  posi tion ing  of temperature  sensors  relati ve  to  model ;  

•  posi tion ing  of wind  sensor relative  to  model ;  

•  so i l i ng  that has  not been  addressed ;  

•  snow coverage  that has  not been  addressed .  

7  Test procedure  documentation  

Th is  techn ical  speci fication  attempts  to  strike  a  balance  between  provid ing  prescripti ve  and  
speci fic gu idance  for testing  and  a l lowing  the  flexib i l i ty needed  to  accommodate  each  
i nd ividual  and  un ique  system.  As  a  resu l t,  i t  i s  necessary to  define  a  detai led  system-speci fic 
test p lan  for each  appl ication  of th is  test method  prior to  test commencement.  Th is  test 
procedure  i ncludes  al l  speci fic requ i rements  and  agreements  for test execu tion  and  data  
reduction .  Al l  parties  to  the  test shou ld  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  contains  the  fol l owing  sections:  

a)  Purpose.   

b)  Guarantee  values  and  basis  for guaran tee  or performance  pred iction .   

c)  Test schedu le.   

d )  Stakeholders  and  respective  roles  and  responsibi l i ties  for detai l s  of i nsta l lation ,  operation ,  
and  data  analysis,  i nclud ing  responsibi l i ty for:   

1 )  Cal ibrations.   

2 )  On-going  data  qual i ty.   

3 )  C lean ing  of sensors.   

4 )  C lean ing  of array.   

5)  Detection  of system  issues.   

6 )  Resolu tion  of system  i ssues.   

7 )  Determination  of curtai lment ( i f appl icable).   

8)  Analysis  of data.   

9)  Wri ti ng /review of final  report.   

1 0)  Any other relevant roles.   

e)  P lan t operating  and  main tenance  requ i rements.   

f)  I nstrumentation .   

g )  Pre-test uncertain ty analysis .   

h )  Detai led  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  an  annex.  

l )  Summary of measured  and  analysed  data  as  an  annex,  i nclud ing  the  data  that have  been  
replaced  for each  reporting  period .   

8  Test report 

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

a)  Description  of the  party doing  the  test.   

b)  Description  of the  s i te  being  tested ,  i nclud ing  l ati tude,  l ong i tude,  and  a l ti tude.   

c)  Description  of the  s i te  qual i ty attribu tes  such  as  system  in tegrator name,  operations  and  
main tenance  operations  provider names,  etc.  

Copyright International  Electrotechnical  Commission  



 –  28  – I EC  TS  61 724-3: 201 6    I EC  201 6  

d )  Description  of the  system  configuration  includ ing  the  manufacturer and  model  type  of key 
components  used  such  as  PV modu les,  i nverters,  MV transformers,  etc.  

e)  Description  of the  system  being  tested ,  speci fical l y the  meteorolog ical  aspects  i nclud ing  
Table  2 ,  wh ich  describes  al l  of the  inpu ts  to  the  model .  Speci fic note  shou ld  be  made  of 
whether there  are  parasi ti c  l oads  and  how these  are  documented  by the  test.   

f)  Description  of the  h istorical  meteorolog ical  data  that were  used  for the  i n i ti a l  pred iction  as  
i n  Table  1  and /or i nclusion  of the  raw data  as  an  annex i f the  referenced  data  are  not 
publ ical l y avai lable.  

g )  A summary of the  i n i tia l  performance  pred iction  that was  made  based  on  the  h istorical  
data.  

h )  A summary of the  defin i ti on  of the  meteorolog ical  data  taken  du ring  the  test as  described  
i n  Table  2 ,  i nclud ing  cal ibration  data  for a l l  sensors  (sensor i denti fication ,  test l aboratory,  
date  of test,  and  observed  changes  in  cal ibration).   

i )  A summary of the  defin i ti on  of the  system  ou tpu t data  col lected  during  the  test as  defined  
i n  Table  2 ,  i nclud ing  records  of completed  cal ibrations.   

j )  The  raw data  that were  col lected  during  the  test,  i nclud ing  note  of wh ich  data,  i f any,  were  
fl agged  as  being  associated  wi th  times  of unavai l abi l i ty (recommended  to  be  an  annex to  
the  report) .   

k)  An  explanation  of why data  ( i f any)  were  replaced .  

l )  A l i st  of any deviations  from  the  test procedure  and  why these  were  taken .  

m)  Summary of (see  example  i n  Annex A):   

1 )  the  expected  e lectrical  production  calcu lated  from  the  measured  weather data  during  
times  of avai l abi l i ty (6 . 6 .7),   

2 )  the  expected  electrical  production  du ring  times  of unavai labi l i ty (6 . 6 .6),  separated  in to  
the  two  categories  accord ing  to  cause  ( i n ternal  or external ,  i f desi red),  

3)  the  tota l  expected  e lectrical  production  du ring  the  en ti re  test period  (6 .6 .8),   

4 )  the  measured  electrical  production  (6 . 7),  

5)  the  calcu lated  energy avai labi l i ty (6. 8),  

6)  the  a l l - in  and  in -service  energy performance  i nd ices  as  e i ther a  fraction  or a  
percentage  (6 . 8),  

7)  preferably,  i nclude  a  breakdown  of the  causes  for the  energy performance  i ndex being  
l ess  than  1 00  %.  

n )  Description  of uncertain ty analysis  and  statement of uncertain ty associated  wi th  the  
expected  performance  and  avai labi l i ty,  based  on  the  uncertain ty of the  weather 
measurements  (see  6 . 9).  

o)  Description  of uncertain ty analysis  and  statement of the  uncertain ty associated  wi th  the  
measured  performance  (see  6 . 9).  

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  executed  as  orig inal ly p lanned ,  or note  mod i fications  
that occurred  during  the  test period .  
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Annex A 
( informative)  

 
Example calculation  – Calculations  for the energy performance indices  

A set of ficti ti ous  measurements  i s  summarized  in  Table  A. 1 .  The  calcu lations  for the  energy 
performance i nd ices  and  other metrics  are  then  appl ied  to  th is  dataset as  a  clari fying  
example.  

Table  A.1  – Ficti tious  data  to  demonstrate  calcu lation  

Date  
range  

Description  I rradiation  
kWh/m

2
 

Expected  energy  

MWh  

Measure
d 'energy 
MWh  

System  
i s  

avai l a-
ble  

System  i s  
unavai la-
ble  for 
i n ternal  
reason  

System  i s  
unavai lable  
for external  

reason  

Total  for 
times  of 
unavai la-
bi l i l ty 

Total  

Jan .  1  – 
J une  30  

Un i n terrupte
d  operati on  

1  000  900  0  0  0  900  91 0  

Ju l y 1  –  
J u l y 2  

One  of ten  
i nverters  i s  
off l i ne  

1 0  9  1  0  1  1 0  9  

Ju l y 3  – 
J u l y 23  

Un i n terrupte
d  operati on  

1 00  1 00  0  0  0  1 00  99  

Ju l y 24  – 
J u l y 27  

Gri d  i s  off 
l i ne  because  

of 
transformer 

fa i l u re  

20  0  0  20  20  20  0  

Ju l y 28  – 
Dec 31  

Un i n terrupte
d  operati on  

800  800  0  0  0  800  801  

Total s   1  930  1  809  1  20  21  1  830  1  81 9  

 

Summary of calcu lations:   

a)  Expected  e lectrical  production  calcu lated  from  the  measured  weather data  during  
times  of avai l abi l i ty (6. 6. 7)  =  1  809  MWh.  

b)  Expected  e lectrical  production  during  times  of unavai labi l i ty (6. 6. 6)  =  1  MWh  for 
i n ternal  reasons,  20  MWh  for external  reasons,  or 21  MWh  for a l l  times  of 
unavai labi l i ty.  

c)  Total  expected  e lectrical  production  during  the  en ti re  test period  (6 .6 . 8)  =  1  830  MWh.  

d )  Measured  e lectrical  production  (6 . 7)  =  1  81 9  MWh.  

e)  Energy avai labi l i ty (6. 8. 1 )  =  1  809/1  830  =  0 , 989  =  98,9  %.  

f)  Al l - in  energy performance  i ndex (6 .8. 1 )  =  1  81 9/1  830  =  99, 4  %  includ ing  external  
ou tages  or =  1  81 9/1  81 0  =  1 00,5  %  wi thou t external  ou tages.   

g )  I n -service  energy performance  i ndex (6 . 8. 1 )  =  1  81 9/1  809  =  1 00,6  %.  
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2 To  be  publ i shed .  
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