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European foreword 

The text of document 82/1204/FDIS, future edition 1 of IEC 62670-3, prepared by IEC/TC 82 “Solar 
photovoltaic energy systems" was submitted to the IEC-CENELEC parallel vote and approved by 
CENELEC as EN 62670-3:2017. 
 
The following dates are fixed: 

• latest date by which the document has to be 
implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2017-12-14 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2020-03-14 

 
Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 

Endorsement notice 

The text of the International Standard IEC 62670-3:2017 was approved by CENELEC as a European 
Standard without any modification. 

In the official version, for Bibliography, the following note has to be added for the standards indicated: 

IEC 60904-5 NOTE Harmonized as EN 60904-5. 
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Annex ZA 
(normative) 

 Normative references to international publications 
with their corresponding European publications 

 The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 
 NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant 
EN/HD applies. 
 
NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here: 
www.cenelec.eu. 
 Publication Year Title EN/HD Year 
IEC 60891 -   Photovoltaic devices - Procedures for 

temperature and irradiance corrections to 
measured I-V characteristics 

EN 60891 -   

IEC 60904-2 -   Photovoltaic devices - Part 2: 
Requirements for photovoltaic reference 
devices 

EN 60904-2 -   

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

EN 60904-3 -   

IEC 60904-4 2009  Photovoltaic devices - Part 4: Reference 
solar devices - Procedures for establishing 
calibration traceability 

EN 60904-4 2009  

IEC 60904-10 -   Photovoltaic devices - Part 10: Methods of 
linearity measurement 

EN 60904-10 -   

IEC 62670-1 -   Photovoltaic concentrators (CPV) - 
Performance testing - Part 1: Standard 
conditions 

EN 62670-1 -   

IEC 62817 2014  Solar trackers for photovoltaic systems - 
Design qualification 

EN 62817 2015  

ISO 2859-1 -   Sampling procedures for inspection by 
attributes - Part 1: Sampling schemes 
indexed by acceptance quality limit (AQL) 
for lot-by-lot inspection 

- -   

ISO 9060 1990  Solar energy; specification and 
classification of instruments for measuring 
hemispherical solar and direct solar 
radiation 

- -  

ISO/IEC 17025 -   General requirements for the competence 
of testing and calibration laboratories 

EN ISO/IEC 17025 -   
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
PHOTOVOLTAIC CONCENTRATORS (CPV) – 

PERFORMANCE TESTING –  
 

Part 3: Performance measurements and power rating 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62670-3 has been prepared by IEC technical committee 82: Solar 
photovoltaic energy systems. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

82/1204/FDIS 82/1233/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 62670 series, published under the general title Photovoltaic 
concentrators (CPV) – Performance testing, can be found on the IEC website. 
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The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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PHOTOVOLTAIC CONCENTRATORS (CPV) – 
PERFORMANCE TESTING – 

 
Part 3: Performance measurements and power rating 

 
 
 

1 Scope 

This part of IEC 62670 defines measurement procedures and instrumentation for determining 
concentrator photovoltaic performance at concentrator standard operating conditions (CSOC) 
and concentrator standard test conditions (CSTC), defined in IEC 62670-1, including power 
ratings. 

2 Normative references 

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

IEC 60891, Photovoltaic devices – Procedures for temperature and irradiance corrections to 
measured I-V characteristics 

IEC 60904-2, Photovoltaic devices – Part 2: Requirements for photovoltaic reference devices 

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

IEC 60904-4:2009, Photovoltaic devices – Part 4: Reference solar devices – Procedures for 
establishing calibration traceability 

IEC 60904-10, Photovoltaic devices – Part 10 Methods of linearity measurement 

IEC 62670-1, Photovoltaic concentrators (CPV) – Performance testing – Part 1: Standard 
conditions 

IEC 62817:2014, Photovoltaic systems – Design qualification of solar trackers 

ISO/IEC 17025, General requirements for the competence of testing and calibration 
laboratories 

ISO 2859-1, Sampling procedures for inspection by attributes – Part 1:Sampling schemes 
indexed by acceptance quality limit (AQL) for lot-by-lot inspection 

ISO 9060:1990, Solar energy – Specification and classification of instruments for measuring 
hemispherical solar and direct solar radiation 

3 Concepts 

The following concepts are used through this document. 

Full document details: BS EN 62670-3:2017
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a) CSOC – concentrator standard operating conditions per IEC 62670-1 (direct normal 
irradiance (DNI) 900 W/m2, 20 °C ambient temperature, 2 m/s wind speed, AM1.5D 
spectrum per IEC 60904-3). 

b) CSTC – concentrator standard test conditions per IEC 62670-1 (DNI 1 000 W/m2, 25 °C 
cell temperature, AM1.5D spectrum per IEC 60904-3). 

c) SMR – spectral matching ratio,
ref,ref,

),(SMR
ji

ji

II
II

ji =  where Ii and Ij are the short-circuit 

current or short-circuit current densities under prevailing spectral conditions per the i and j 
distinct subcells in the multi-junction solar cell. Ii,ref and Ij,ref are the associated short-
circuit currents/current densities under the AM 1.5 direct spectrum as defined by 
IEC 60904-3. The subcell is assigned a number in the ordering of their band gap energy 
(Eg) starting with 1 for the highest Eg and up to n for the lowest Eg. In this manner a multi-
junction solar cell with n distinct sub cells has (n²–n)/2 unique SMR values. For example, 
for n = 3 (three-junction device) there is SMR(1,2), SMR(1,3) and SMR(2,3). For a lattice 
matched triple junction cell: GaInP is junction 1, GaInAs is junction 2, and Ge is junction 3. 
SMR as applied to outdoor I-V curves does NOT imply that the outputs from subcells will 
match the DUT but to a more generic set of subcells used by the test laboratory to 
characterize deviations in the prevailing outdoor spectrum from the reference AM1.5D 
spectrum. A specific DUT match is not required as precipitable water vapor, aerosols, and 
airmass are the dominant variables which drive changes in the outdoor spectrum. It has 
been shown that filtering based on measurements in three sub-bands of the spectrum is 
sufficient to minimize CPV DUT performance variation. Component reference cells (8.1.4) 
can be used to determine SMR values or the SMR can be calculated under the prevailing 
spectrum. In this case I1, I2 and I3 are generally defined as the direct normal spectral 
irradiance in sub-bands from 370 nm to 650 nm, 650 nm to 870 nm and 870 nm to  
1 650 nm respectively. This is equivalent to assuming a set of component reference cells 
which have external quantum efficiencies (EQE) of 100 % in the defined bands. 
SMR as applied to indoor I-V curves DOES refer to outputs from the subcells that match 
the DUT. The indoor measurements specifically refer to matching subcells as the spectrum 
under simulated sunlight is known to deviate from the characteristic shape of the outdoor 
spectrum. Therefore three sub-bands are not always sufficient to minimize variation in 
CPV DUT performance. SMR can be determined from device specific component 
reference cells or can be calculated from the measured spectrum and the spectral 
responses of device specific component reference cells. 

d) Separate SMR crossing – event in outdoor data measurements where the given SMR 
value is within the defined boundaries around unity and the event is separated by at least 
an hour from other events where the SMR value is within the defined boundaries around 
unity. 

e) MPP – global maximum power point of an I-V curve. 
f) Vmp – the voltage at MPP. 
g) Imp – the current at MPP. 
h) DNI– direct normal irradiance. 
i) GNI– global normal irradiance. 
j) η – efficiency of the DUT at MPP for an individual I-V curve. 
k) DUT – device under test. 
l) Aperture – aperture area of the DUT, measured from inside edge to inside edge of the 

DUT frame. If no clear transition from lens to frame is present an opaque tape can be 
used to mask off the edge of lens area and define the edge of the aperture area. This shall 
be completed prior to the collection of I-V curves. If this method is not applicable to the 
DUT, alternate methods can be considered. The test report shall document the procedure 
used for determining aperture area. 

m) Opening half-angle – half-angle of a device with a collimating tube defined as the 
arctan(R/L) per Figure 1. 

n) Field of view or opening full-angle– two times the opening half angle. 

Full document details: BS EN 62670-3:2017

http://www.avadocuments.com/doc/bs-en-62670-3-2017
http://www.avadocuments.com/doc/bs-en-62670-3-2017


IEC 62670-3:2017 © IEC 2017 – 9 –  

o) Slope angle – angle of a device with a collimating tube defined as the arctan[(R–r)/L] per 
Figure 1. 

p) Limit angle – angle of a device with a collimating tube defined as the arctan[(R+r)/L] per 
Figure 1. 

q) Primary and secondary axis pointing error – measured angle between the pointing vector 
of the tracker and the pointing vector of the sun (see Figure 2) [adapted from 
IEC 62817:2014, 7.2]. Typically the pointing vector of the tracker is defined by the sensor 
that is used for measuring pointing error. The sensor has a plane which is responsive to 
the direct beam from the sun. Therefore the normal vector to this measurement plane is 
representative of the pointing vector of the tracker or the pointing vector of the DUT. 
Although pointing error as defined is a single angular deviation, the sensor measures this 
error in two separate angles in relation to reference plane 

22 error pointing axissecondary error pointing axisprimary error pointing +=  

In this document, primary and secondary axis pointing error are defined by the above 
equation. As it is also assumed that the plane of the DUT is aligned with the pointing error 
sensor, the primary and secondary axes are also representative for the DUT. 

r) Acceptance angle – minimum full angle through which the DUT can be rotated (with 
respect to the sun) while continuing to produce 90 % of its DNI normalized maximum 
power. Although a two dimensional plot is necessary to fully determine acceptance angle, 
herein acceptance angle refers to the minimum full angle as resulting from angular 
measurement sweeps limited to the primary and secondary axes of the DUT (see 9.8.5). 
For example the DUT described in Figure 3. Figure 3 shows acceptance angle 
measurement results of 0,75° for the primary axis and 0,7° for the secondary axis. 
Therefore the acceptance angle for this DUT is reported as 0,7°. Caution should be noted 
that Figure 3 shows measurement results that are symmetric around the zero point 
(normal angle of incidence) but a DUT can have asymmetric results. 

s) Half acceptance angle – half acceptance angle is defined as the acceptance angle defined 
above divided by two. This definition is introduced as it is more relevant to filtering 
restrictions placed on pointing error later in this document. Although asymmetry around 
the zero angle of incidence is not consistent with this definition of half angle, the definition 
is retained for simplicity. 

t) 98 % acceptance angle and 98 % half acceptance angle – the definitions acceptance 
angle and half acceptance angle given above apply with the exception that when preceded 
by 98 % the terms now refer to full and half angles through which DUT orientation can be 
rotated while continuing to produce 98 % of its DNI normalized maximum power (not the 
original 90 %). For example the DUT in Figure 3 shows a 98 % acceptance angle of 0,32° 
and a 98 % half angle measurement of 0,16°. 

 

Figure 1 – Collimating tube geometry 

IEC 

Detector 
surface 

Field stop 

Aperture stop 

Z1 
Z0 

Zs 

R 

r 

L X 

Full document details: BS EN 62670-3:2017

http://www.avadocuments.com/doc/bs-en-62670-3-2017
http://www.avadocuments.com/doc/bs-en-62670-3-2017

