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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

PH。TOVOLTAIC (PV) M。DULE PERF。RMAN CE 
TESTING AND ENERGY RATING -

Part 3: Energy r a ting of PV modules 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical c。mmittees (IEC Nati。nal Committees). The object 。f IEC is to promote 
international co-operation 。n all questions concerning standardization in the electrical and electronic fields To 
this end and in addition to other activities , IEC publishes International Standards, Technical Speci fications, 
Technical Rep。rts, Publicly Available Specificati。ns (PAS) and Guides (hereafter referred to as "IEC 
Publicati。叫到＂）. Their preparati。n is entrusted to technical c。mm ittees; any IEC Nati。na l Committee interested 
in the sub1ect dealt with may participate in this preparatory work. International, governmental and 
non-g。vernmental organizati。ns liaising with the IEC a ls。 participate in this preparali。n . IEC c。llaborates
cl。sely with the International Organization for Standard 1zati。n (ISO) in accordance w ith condit i。ns determined 
by agreement between the tw。。rgani zalions.

2) The formal decisions or agreements of IEC on technical matters express , as nearly as p。ssible, an international 
consensus of opinion on the relevant sub』ects since each techn ical committee has representation fr。mall
interested IEC Nati。nal Committees. 

3) IEC Publications have the form 。f rec。mmendations for internati。nal use and are accepted by tEC National 
Committees in that sense. W hile all reas。nable efforts are made t。 ensure that the techn ical c。ntent of IEC 
Publicati。ns is accurate, tEC cann。t be held 『esp。nsible f。r the way in which they are used or f。r any 
misinterpretati。n by any end user 

4) In 。rder to prom。te internati。na l unit。rmity, IEC Nati。nal Committees undertake to apply IEC Publications 
t ransparently to the maximum extent p。ssi ble in their national and regional publications . Any divergence 
between any tEC Publicali。n and the corresponding nati。nal 。r regi。nal publication shall be clearly indicated m 
the latter. 

5) IEC itsel f does not provide any attestation of conformi ty. Independent certification bod ies provide conf。rmity
assessment services and, in some areas, access t。 IEC marks 。f conf。m、ity. IEC IS n。t resp。ns1ble f。r any 
services carried out by independent cert i ficati。n b。dies

6) All users sh。uld ensure that they have the latest edil阳、 of this publ icati。n

7) No liabi lity shall attach to IEC 。， its directors , employees , servants or agents including individual experts and 
members of i ts technical committees and IEC National Committees for any personal injury, property damage 。r
other damage of any nature whatsoever, whether direct 。r indirect, or f。f costs (including legal fees) and 
expenses arising out of the publ ication, use of. or reliance upon. this IEC Publ icati。n or any other IEC 
Pu blicati。ns.

8) Attention is drawn t。 tne N。『mative references cited in this publication. use 。r the referenced publicati。ns is 
indispensable t。r the c。r『ect application 。f this publ icati。n

的 Attention is drawn to the possibility that s。me 。f the elements 。f this IEC Publication may be the subject of 
patent rights. IEC shall not be held resp。nsible for identifying any 。r all such patent rights. 

In ternational S ta n dard IEC 61853-3 h a s been pre pared by IEC technical committee 82: Sola r 
photovolta ic e n ergy systems. 

The tex t of th is l nte『national Standa『d is based o n th e follo wing documents : 

FDIS 

82/ 1441/FOIS 

Rep。rt on v。ting

82/1451/RVD 

Fu ll inform a t io n o n the voting for the approval o f this Internat ional Sta ndard c an be found in 
th e report o n voting ind ica ted in th e above tabl自

This d o cument has b een d raf ted in acco『dance w ith th e IS O/IEC D irectives, Part 2 
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A list of all parts in the IEC 61853, published under the general title Photovoltaic (PV) module 
performance testing and energy rating, can be found on the IEC website. 

The committee has decided that the contents of th is document will 『emain unchanged unti l the 
stability date indicated on the IEC website under ”http: //websto『e iec.ch" in the data 『e lated to 
the specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, 

• replaced by a 『ev ised ed ition，。r

• amended 
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INTRODUCTION 

This International Standard series establishes IEC requirements for determining PV module 
performance in terms of power (watts). specific module energy rating (kWh/kW} and climatic 
specific energy 『ating (d imensionless). It is written to be applicable to all PV technologies 
including non-linear devices. The methodology does not take into account eith e『 P『ogressive
degradation or transient behaviour such as light induced changes and/or thermal annealing. 

This series consists of four parts: 

• IEC 61853-1: Photovoltaic (PV) module performance testing and energy rating - Part 1: 
lrradiance and temperature performance measurements and power rating, which describes 
requirements for evaluating PV module perfo『mance in terms of power (watts) rating over 
a range of irradiances and temperatures; 

• IEC 61853-2: Photoνoltaic (PV) module performance testing and energy rating - Part 2: 
Spectral responsivity, incidence angle, and module operating temperature measurements, 
which describes test procedures for measuring the effect of varying angles of incidence 
and sunlight spectra as well as the estimat ion of module temperature from irradiance, 
ambient temperature, and wind speed; 

• IEC 61853-3: Photovoltaic (PV) module performance testing and energy rating - Part 3· 
Energy rating of PV modules , which describes the calcu lations for PV module ratings; and 

• IEC 61853-4: Photovoltaic (PV) module performance testing and energy rating - Part 4: 
Standard reference climatic profiles, which describes the standa『d time pe『iods and 
environmental data set that shall be used for the energy 『atin g calculations. 
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PH。TOV。LTAIC (PV) M。DULE PERF。RMAN CE 
TESTING AND ENERGY RATING -

Part 3: Energy rating of PV modules 

This part of IEC 61853 describes the calculation of PV module energy rating values. 
IEC 61853-1 describes requirements for evaluat ing PV module performance at various 
temperatures and irrad iances in terms of power (watts) rating. IEC 61853-2 describes test 
procedu『es for determining module tempera tu『e f『om i『rad i ance , ambient temperat u『e and 
wind speed, a method for measuring angle of incidence effects, and spectral respons ivity. 
IEC 61853-4 describes the standard 『eference climatic profiles (standard environmental data 
sets) that are used fo『 calculating energy rating values. 

The pu『pose of this document is to define a methodology to determine the PV 『nodu l e energy 
output (watt-hours), and the climatic specific energy rating (dimensionless) for a complete 
year at maximum power operation for the reference cl imatic profi le(s) given in IEC 61853-4. It 
is applied to determine a specific module output in a standard reference climatic profile for the 
purposes of comparison of rated modules. 

The methodology does not take into account either p『og『essive degradation o『 transient

behaviour such as light induced changes and/or thermal annealing. 

The present document applies to mono-facial modules. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requ irements of this document. For dated 『eferences , only the edition 
cited applies. For undated references, the latest edition of the 『eferenced document (including 
any amendments) applies. 

IEC 60891 . Photovoltaic devices - Procedures for temperature and irradiance corrections to 
measured 1-V characteristics 

IEC 60904-3, Photovoltaic devices - Part 3: Measurement principles for terrestrial 
photovoltaic (PV) solar devices with reference spectral irradiance data 

IEC 60904平， Photoνoltaic devices - Part 7: Computation of the spectral mismatch correction 
for measurements of photovoltaic devices 

IEC 60904-8, Photoνoltaic devices - Part 8: Measurement of spectral responsivity of a 
photovoltaic (PV) device 

IEC 60904-8-1, Photovoltaic devices - Part 8-1 . Measurement of spectral responsivity of 
multi-junction photovoltaic (PV) devices 

IEC TS 61836, Solar photovoltaic energy systems - Terms, definitions and symbols 

I EC61853斗 ， Photovoltaic (PV) module performance testing and energy rating - Part 1: 
Jrradiance and temperature performance measurements and power rating 
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IEC 61853-2, Photovoltaic (PV) module performance testing and energy rating - Part 2: 
Spectral responsivity, incidence angle and module operating temperature measurements 

IEC 61853-4, Photovoltaic (PV) module performance testing and energy rating - Part 4: 
Standard reference climatic profiles 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the 
foll owing apply. 

ISO and IEC maintain terminologica l databases for use in standardization at the following 
addresses 

• IEC Electropedia: available at http://www.electroped ia.org/ 

• ISO Online browsing platform: available at http://www. iso.org/obp 

3.1 
climatic specific energy rating 
CSER 
normalised energy collection for the reference climatic profile, i.e. the ratio of the actual 
energy collection to that which would have been obtained if the PV module a lways performed 
with the energy conversion effic iency measu『ed under standard test conditions 

Note 1 t。 entry. CSER is dimensionless. 

4 Testing 

No testing is performed within this document; however, the energy rating ca lculations defined 
in Clause 7 use data from measurements made according to IEC 61853-1 and IEC 61853-2 
and the standard reference climatic profiles from IEC 61853-4. 

5 Report 

Following completion of the procedure, a report with the rest』lt i ng ene『gy ratings shall be 
prepared by the test agency. Each ce『ti fi cate or test report shall include at least the fo llowing 
information. 

a) a title; 

的 name and address of the test laboratory and location whe『e the ca libration or tests were 
ca『ri ed out; 

c) unique identification of the 『eport and o f each page; 

d) name and address of client, where appropriate , 

的 descripti on and identification of the item calibrated or tested; 

f ) characteriza tion and condition of the calibration or test item; 

g) date of receipt o f test item and date(s) of calibra tion or test, where appropriate; 

h) identification of calibration o『 test method used; 

i) reference to sampling procedure, where 『elevant; 

j) any deviations from, additions to or exclusions f『om the ca libration or test method, and 
any othe『 info rmation re levant to a specif ic calibration or test, such as environmental 
conditions; 

k) the filenames of the reference climate data files and the ve『s ion of IEC 61853-4 
corresponding to the data files; 
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I) a specification of the in terpolat ion routines used to de『ive the module data f『om the 
measured performance tables; 

m) module energy output for the individual test devices, as well as the averaged data (for the 
three modules submitted fo『 testing in IEC 61853-1); 

n) climatic specific energy rating for the individual test devices, as well as the ave『aged data 
(for the three modules submitted for testing in IEC 61853-1); 

。） a statement of the estimated uncertainty of the energy rating results; 

p) a signature and title, or equivalent identification of the person(s) accepting responsibility 
for the content of the report , and the date of issue; 

q) where relevant, a statement to the effect that the 『esults 『el ate only to the items calibrated 
。r tested; 

r) a statement that the report shall not be reproduced except in fu ll , without the written 
approval of the laboratory 

6 Module energy collect ion 

6.1 General 

The output power of a PV module depends primarily on the fo llowing parameters: 

• lrradiance incident on the module 

• Module temperature 

Module temperature is a derived paramete『， and is dete『mined from the tabulated irradiance, 
ambient temperature and wind speed, together with module thermal parameters as 
determined in IEC 6 1853-2 

These parameters are a function of the environmental conditions over the defined year long 
time period of each standard reference climatic profi le, tabulated as an hourly data set in 
IEC 61853-4. Angle of incidence and spectral effects are considered in the ca lculat ions for 
reasons of completeness, and to ensure that modules with special characteristics a『e rated 
correctly. 

6.2 Input m。dule data for energy rating 

The following module pe时ormance parameters influence the instantaneous power output and 
hence energy production of a PV module: 

a) Matrix of P max versus irradiance (at AM 1,5 g) and versus module temperatu『e
(IEC 61853-1) which may be interpolated to obtain the instantaneous power at a given 
irradiance and module temperature. 

b) Thermal coefficients u0, 111 describing module ope『ating temperature as a function of 
irrad iance and wind speed, which are used to ca lculate instantaneous module temperature 
(IEC 61853-2）。

c) Angle of incidence response a, (IEC 6 1853-2) used to ca lcu late the effective light 
transmission into the module at different incidence angles. 

d) Spectral responsivity (IEC 61853-2), used to calculate spectral mismatch and hence 
correct to refe『ence spectral condit ions. It is provided as a table of va lues for a range of 
wavelengths ove『 wh ich the module is responsive. 

The performance parameters listed in a) are measu『ed by procedures given in IEC 61853-1. 
The performance parameters listed in items b), c) and d) are determined according to 
procedures given in IEC 6 1853-2. In accordance with procedu『es in IEC 61853-2, in some 
cases the parameters in points b), c) may be nominal values provided therein 
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6.3 Input standard reference cl imatic profiles 

IEC 61853-4 provides the standard reference climatic profil es to be used for energy rating. 
The information provided with each standard 『eference climatic profile is described in 
IEC 61853-4:2018, subclause 4.2. 

7 Procedure for energy rating 

7.1 General 

For each of the three modules and for the average of the values of the three modules reported 
from IEC 61853- 1 the fo llowing procedure shall be followed. The module peak powe『 and

energy output for a pa rt icula『 time step is determined by following a series o f calculations 
desc『ibed in this clause. The module energy output is calculated per hour. These individual 
hourl y energy values are then summed over the data set to determine the annual energy 
production. 

The procedures for each time step a『e outlined in Figure 1. 
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Formulas (1) and (2), w怕，

“, from IEC 61853·2 
。加B,and D;fr臼n IEC 6185＇如4

Formulas (4) and (5) 

F。，mula (6）。 with;

R(J.); fr。m IEC 61853-4 
R（λlsrc fr。m IEC 61853-2 

Formula (7) 

F。rmυla (8 ), with, 
，，。， Uc fr。m IEC 61853-2 
几州时， ηfrom IEC 61853-4 

""" Tand G fr。m IEC 61853-1 
and IEC 60891 

F。rmula (18) 

白） / Formulas (19) and (20) 

，εc 

·r incidence effects 

The corrected in-plane direct Bcorr and diffuse Dcorr components for angle of incidence are 
g iven by 

r，＿…，立坐A、l
Bcorr,j = Bi I~元亨」｜ { 1) 

Deorr,) ＝仆
where 

Bi is the uncor『ected in-plane di『ect ir『adiance at the j1h hour, 

Di is the uncorrected in-plane d iffuse irradiance at the jlh hour, 
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句 i s the angle between sun and the normal to the module surface at hour j, 

β i s the inclination angle (in units of radians) of the module relative to horizontal, 
and 

factor a, is provided by the analysis of the angle-of-incidence measurements, as carried 
out in IEC 61853-2. 

D; is not g iven directly in the data se ts but can be calculated from the global in-plane 
irradiance 乌 and the direct in-plane i rradiance 马

Di = G; - B; (3) 

Finally, the angular corrected in-plane global irradiance Ge。rr,AOl , j can be calculated as: 

Gcorr AOl.j = Bcorr j + Dcorr,j (4) 

The climatic data sets contain the in-plane global and direct broadband irradiance and the 
spectrally resolved in-plane global i r『adiance for a set of d iscre te bands but not the direct or 
diffuse spectrall y resolved irradiance. To calculate the angular corrected in-plane spectrally 
resolved global irradiance, the following formula shall be applied: 

川
叮
－

i puv

E 

l
J 

O
EG 

Am- - E E E FUV

E = j 
, 

AU A , r r o c ) 
‘
人

( 
p
υ
 

(5) 

where 

Gcorr.AOl.i is the angu l a『 corre cte d b『oadband in-plane ir『adiance for the jlh hour, and 

G（λ）i is the in-plane global spectral irradiance in discrete bands at hour l· 

7.3 Spectrally c。rrected gl。ba l in-plane i r radiance 

Normally the spectral correction is applied to the short-circui t current according to 
IEC 60904-7. The change in short-c i『c uit cur『ent when applying a di ffe『en t spectrum can be 
used to apply a proportional change to the irradiance, obtaining an “effective" or ' ‘ corrected” 
irradiance, C 

c。rr

The module spectral responsivity S(i.） 『neast』『ed for d iffe『ent wavelengths λ as p『esc『ibed in 
IEC 61853-2 and IEC 60904-8 is used. The spect『al correction factor c. at hour j can then be 
calculated as: 

C 1000 fl: S(A)Rcorr.AOl.j仰λ
- 时 － Gcorr,AOt.j ft; S队）RsrcO·)d),

(6 ) 

where 

Ge。rr,AOl , j

Re。r仙01 ,j （λ） 

Rsrc（λ） 

is the AOl-corrected global in-plane irrad iance, 

is the spectra lly 『eso lved in-p lane i『rad i ance in W/(m2·nm) and calculated as 
the ratio of the G（λlcorr.AO l .j and the width of each spectral band, in nm, 

is the corresponding spectra l intensity for the standard test condit ion 
spectrum AM 1,5 g (IEC 60904-3). 

The integration limits are: ),5 = 300 nm， λe = 4 000 nm and the calculation is performed by 
numerical integration. The spectra lly cor『ected global in-plane irrad iance at the j hour.Ge。rr,j '
is calcu lated as: 

Gcorr,j = Cs.j · Gcorr,AOl,j (7) 
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For multi-junction PV modules the spectral co『recti on may only be made when the same 
junction is limiting under both the refe『ence and the hourly spectra l irrad iances (refer to 
IEC 60904-8-1) 

7.4 Calculation 。f module temperature 

The module temperatu『e T mod shall be ca lculated using the following formula: 

G,on.AOl I 
Trnod.J = 1…b.J ＋ 号守子哇l

“。守 u1 v;

{8) 

where 

Tamb 

叮

is the ambient temperature, extracted f『om IEC 61853-4, 

is the wind speed at the height of the modu怡， ext『acted from 
IEC 6 1853-4, and 

is the in-plane global irrad iance, corrected for angle-of­
incidence effects, for the j1" hour, 

a『e reported from the procedure described in IEC 61853-2. 

Ge。时，AOl ,j

the two parameters 110 and 111 

7.5 Determ inati。n 。f instantane。us m。dule p。wer

The ca lculated parameters from formulas (7) and (8) (Gcorr and Tm。d) can now be used to 
determine the module power Pmod( Gcorr>Tmod) by using the power table (Pmaxl generated f『om
IEC 61853-1 In general, it is necessary to perform a 2-D bilinear interpolation, or equivalent, 
of the P max values given in the table at different temperature and irradiance conditions. When 
the va lues of Gcorr and Tm。d a『e outside the range of va lues in the powe『 table a linea『
extrapolation should be used. 

To calculate the module power P(G. 7) fo『 given values of in-plane ir『adiance G and module 
temperature T by bilinear in terpolat ion the following procedure should be used . Find the 
va lues T1 and r2 in the powe『 tab le such that r1 < T < r2, and similar G1 and G2 such that 
G1 < G < G2. 

For each o f the pairs of {G，ηvalues calcu late the quantity 11(G，η ＝ P(G，ηIG. Then calculate. 

刷，T,) ＝ 队，Ti) ＋拮（η（川 (9) 

η（G, T2) ＝ η（G1, 72) ＋击（咐，几）－川沙） (10) 

η（G, T) ＝击可（G, 71) + f,王η（G, 72) 
) 1 1 ( 

The in terpolated power can then be found as P(G，η ＝ ’1(G.η·G. 

Linear extrapolation when only one of the va『iab l es G, T is outs ide the range of the power 
table values can be found in the following way, where T max is the highest temperature va lue in 
the table: 

r一俨 r 、
η（G，马川＝ 1/(G ,,Tmax) +c;:古（η（仇，几tax) - 1/(G， ，咒川 (12) 

哨，Tmax-1) ＝队 ( 1 3) 
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可〔G,T) ＝ η〔G, 1;,iax-1) ＋乒二毕~c仰，7~»ax) - ri(G, Tmax• )]
’max－，η‘ax-1 、

(14) 

Finally, if G > Gmax and T > T max: 

’1（川

凡乃＝凡川

可（G, T) ＝可（G, Tmax) ＋ η（Gm剧，T〕－可（Gmax• Tmax](17)

7.6 Calculati。n 。f h。urly m。dule energy 。utput

The energy output Emod,j of the module in the time period j (1 h ） 附：

Emod,j = Pmod,j (Gcorr,j• Tmod,j) 1 hour (18) 

7.7 Calculati。n 。f annual m。dule energy 。utput

The energy produced by the module over one yea『 i s dete『mined as the sum of the ene『gy

produced by the module at each time period. 

A sum is performed ove『 all time periods of the selected reference profile (see IEC 61853-4) 

£ - ... J=8760 
mod.year - L. j = I mod,j (19) 

where 

j ranges from 1 to 8 760 in the reference period (one year). 

7.8 Climatic specific energy rating 

The climatic specific energy rating CSER is the normal ised energy collection fo『 the refe『ence
climatic profile: 

where 

H p 

G,01 = 1 000 W/m2 

Pmax,Sτc 

•·,.,od.veo.r· b旷cf
CSER ＝ 三旦旦Z立－＇－＂＂

Pmax.STC'llp 
(20) 

is the total of the hourly global in-plane irradiance va lues G fo『 the

reference climatic period (1 year) from IEC 61853-4, 

is the irrad iance a t standard tes t conditions, 

is the maximum power under standard test conditions, taken from the 
power measurements according to IEC 61853-1 
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