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Foreword
The text of document 82/581/FDIS, future edition 2 of IEC 60891, prepared by IEC TC 82, Solar

photovoltaic energy systems, was submitted to the IEC-CENELEC parallel vote and was approved by
CENELEC as EN 60891 on 2010-03-01.

This European Standard supersedes EN 60891:1994.

The main technical changes with regard to the EN 60891:1994 are as follows:

extends existing translation procedure to irradiance change during I-V measurement;

adds 2 new translation procedures;

revises procedure for determination of temperature coefficients to include PV modules;

defines new procedure for determination of internal series resistance;

defines new procedure for determination of curve correction factor.

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

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2010-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2013-03-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60891:2009 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 standard indicated:

IEC 60904-5 NOTE Harmonized as EN 60904-5.
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Normative references to international publications
with their corresponding European publications
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The following referenced documents are indispensable for the application 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.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year
IEC 60904-1 -

IEC 60904-2 -

IEC 60904-7 -

IEC 60904-9 -

IEC 60904-10 -

Title EN/HD

Photovoltaic devices - EN 60904-1
Part 1: Measurement of photovoltaic
current-voltage characteristics

Photovoltaic devices - EN 60904-2
Part 2: Requirements for reference solar

devices

Photovoltaic devices - EN 60904-7

Part 7: Computation of the spectral mismatch
correction for measurements of photovoltaic
devices

Photovoltaic devices - EN 60904-9
Part 9: Solar simulator performance
requirements

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

Year
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PHOTOVOLTAIC DEVICES - PROCEDURES FOR TEMPERATURE AND
IRRADIANCE CORRECTIONS TO MEASURED |-V CHARACTERISTICS

1 Scope

This standard defines procedures to be followed for temperature and irradiance corrections to
the measured |-V (current-voltage) characteristics of photovoltaic devices. It also defines the
procedures used to determine factors relevant for these corrections. Requirements for |-V
measurement of photovoltaic devices are laid down in IEC 60904-1.

NOTE 1 The photovoltaic devices include a single solar cell with or without a protective cover, a sub-assembly of
solar cells, or a module. A different set of relevant parameters for |-V correction applies for each type of device.
Although the determination of temperature coefficients for a module (or sub-assembly of cells) may be calculated
from single cell measurements, it should be noted that the internal series resistance and curve correction factor
should be separately measured for a module or subassembly of cells.

NOTE 2 The term “test specimen” is used to denote any of these devices.

NOTE 3 Care should be taken regarding the use of |-V correction parameters. The parameters are valid for the
PV device for which they have been measured. Variations may occur within a production lot or the type class.

2 Normative references

The following referenced documents are indispensable for the application 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 60904-1, Photovoltaic devices — Part 1: Measurements of photovoltaic current-voltage
characteristics

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for reference solar devices

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

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements

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

3 Correction procedures

3.1 General

Three procedures for correcting measured current-voltage characteristics to other conditions
of temperature and irradiance (such as STC) can be applied. The first is identical to the
procedure given in Edition 1 of this standard, but the equation has been rewritten for easier
understanding. The second procedure is an alternative algebraic correction method which
yields better results for large irradiance corrections (>20 %). Both procedures require that
correction parameters of the PV device are known. If not known they need to be determined
prior to performing the correction. The third procedure is an interpolation method which does
not require correction parameters as input: It can be applied when a minimum of three
current-voltage curves have been measured for the test device. These three current-voltage
curves span the temperature and irradiance range for which the correction method is
applicable.
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All methods are applicable to linear devices as defined in IEC 60904-10.

NOTE 1 An estimate on the translation accuracy is required (see Clause 7).

NOTE 2 All PV devices should be linear within a limited range of irradiances and device temperature. Details are
described in IEC 61853-1.

Common to all procedures is that |-V characteristics of the PV device are to be measured in
accordance with IEC 60904-1.

Usually irradiance G shall be calculated from the measured short circuit current (Igc) of the
PV reference device as defined in IEC 60904-2, and its calibration value at STC (Ig¢c s1c)- A
correction should be applied to account for the temperature of the reference device Tr using

the specified relative temperature coefficient of the reference device (1/°C) which is given at
25 °C and 1 000 W/m?2.

1000 Wm 2 .1
G = RC [1-

7 are - (Tre— 25 °C)]
RC,STC

The PV reference device shall either be spectrally matched to the test specimen, or a spectral
mismatch correction shall be performed in conformance with IEC 60904-7. The reference
device shall be linear in short-circuit current, as defined in IEC 60904-10 over the irradiance
range of interest.

3.2 Correction procedure 1

The measured current-voltage characteristic shall be corrected to standard test conditions or
other selected temperature and irradiance values by applying the following equations:

G
[2=[1+[SC'(?f_1j+a'(T2_T1) (1)

Vo=Vi—Rg-(Ip—11)-x-Ip - (T, —T1)+ B-(T, - T1) (2)

where:

14, V4 are coordinates of points on the measured characteristics;

I,, V,  are coordinates of the corresponding points on the corrected characteristic;

G4 is the irradiance measured with the reference device;

Gy is the irradiance at the standard or other desired irradiance;

T, is the measured temperature of the test specimen;

Ty is the standard or other desired temperature;

Isc is the measured short-circuit current of the test specimen at G4 and 7'¢;

a and B are the current and voltage temperature coefficients of the test specimen in the
standard or target irradiance for correction and within the temperature range of
interest;

Rg is the internal series resistance of the test specimen;

K is a curve correction factor.
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NOTE 1 As the data point V¢ will be shifted off the current axis when translating from lower to higher irradiance,
the translated V ., has to be determined by linear extrapolation from at least 3 data points near and below V4 or
the original IV curve has to be measured sufficiently far beyond V1.

NOTE 2 The units of all correction parameters should be consistent.

NOTE 3 If the test specimen is a module the cell |-V correction parameters can be derived from the
interconnection circuit. These cell parameters may be used to calculate the module I-V correction parameters for
other module types using the same cells.

NOTE 4 For crystalline silicon PV devices «is normally positive and S negative.

Procedures for determination of the |-V correction parameters of the test specimen are
described in sections 4 to 6.

Equation (1) is only applicable for |-V curves measured at irradiances which are constant
during the acquisition of the entire |-V curve. For pulsed solar simulators with decaying
irradiance or any other kind of irradiance fluctuations during I1-V measurement Equation (1) is
not applicable as such. In this case, each measured |-V curve has to be corrected to an
equivalent I-V curve at constant irradiance which requires an additional scaling factor in front
of Igc. For practical reasons this scaling factor is related to the irradiance corresponding to

measured /5. For non-constant irradiance Equation (1) will become the following translation
equation.

G4 G
Iy=IL+-— 'ISC'(—Z,— ]m-(Tz—n) (3)
Gsc Gy

where Ggc is the irradiance value at the time of /g, measurement and Gj is the irradiance
measured at time of data acquisition of individual I-V data points.

3.3 Correction procedure 2

This procedure is based on the simplified one-diode model of PV devices. The semi-empirical
translation equations contain 5 |-V correction parameters which can be determined by
measurement of |-V curves at different temperature and irradiance conditions. Besides the
temperature coefficients for short circuit current (&) and open circuit voltage (f) an additional
temperature coefficient (x°) is commonly used which accounts for changes of the internal
series resistance (and fill factor) with temperature.

The correction procedure is defined by the following equations for current and voltage:

G
12=11'(1+05re|'(T2—T1))'?? (4)

Vo =Vi+Vocs ’[ﬁrel (ry-1)+a-In (Z—fn—Ré Iy =1)-K Iy (I, - Ty) (5)

where:

14, V4 are coordinates of points on the measured |-V characteristic;

15, V5, are coordinates of the corresponding points on the corrected I-V curve;
G4 is the irradiance as measured with the reference device;

G, is the target irradiance for the corrected |-V characteristic;

T, is the measured temperature of the test specimen;
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Ty is the target temperature of the test specimen;
Voct1 the open circuit voltage at test conditions;

a.e @and B are the relative current and voltage temperature coefficients of the test specimen

measured at 1 000 W/m2. They are related to short circuit current and open circuit
voltage at STC;

a is the irradiance correction factor for open circuit voltage which is linked with the diode
thermal voltage D of the pn junction and the number of cells ng serially connected in
the module;

R§ is the internal series resistance of the test specimen;

K is interpreted as temperature coefficient of the internal series resistance R’

NOTE 1 A typical value for the irradiance correction factor a is 0,06.

NOTE 2 Care should be taken that the numerical values for R{ for procedure 2 may be different to R of
correction procedure 1.

3.4 Correction procedure 3
3.4.1 General

This procedure is based on the linear interpolation or extrapolation of two measured |-V
characteristics. It uses a minimum of two |-V characteristics, and requires no correction
parameters or fitting parameters. The measured current-voltage characteristics shall be
corrected to standard test conditions or other selected temperature and irradiance values by
applying the following equations:

Va=Vi+a-(Va-13) (6)
Iy=Ii+a-(I-1) (7)

The pair of (/4,74) and (I,, V,) should be chosen so that I, — Iy = Igcy — Igcq:

where:

Iy, V4 are coordinates of points on the measured characteristics at an irradiance G4 and
temperature 7.

Iy, Vs are coordinates of points on the measured characteristics at an irradiance G, and
temperature 7.

I3, V3 are coordinates of the corresponding points on the corrected characteristics at an

irradiance G and temperature T5.
Iscq, Isco are the measured short-circuit current of the test specimen.

a is a constant for the interpolation, which has the relation with the irradiance and
temperature as follows.

Gy =G +a (G, -Gy) (8)

L=h+a(-T). (9)
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This method should be applicable to most PV technologies. Equations (6) to (9) can be used
for the irradiance correction, temperature correction, and simultaneous correction of
irradiance and temperature.

3.4.2 Correction for the irradiance and temperature from two measured |-V
characteristics

The procedure to correct the |-V characteristics to the irradiance and temperature (G5, T3)
from two |-V characteristics measured at the irradiances and temperatures of (G4, T4) and (G,
T,) is as follows (Figures 1(a) and 1(b)).

a) Measure the two |-V characteristics at the irradiances and temperatures of G4, T; and G,,
T,, respectively (solid lines in Figure 1(a)). Find the values of Igc¢ and Igco.

b) Calculate a by Equation (8) or (9). For example, when the two measured |-V curves were
made at:

G4 =1000W/m2and T, = 50 °C
G, = 500 W/m2 and T, = 40 °C.
And the irradiance of interest is G5 = 800 W/m2:
Then using Equation (8) a =0,4.
And using Equation (9) T3 = 46 °C.
c) Choose a point (V4, I;) on the |-V characteristic 1. Find a point (V,, I;) on the I-V
characteristic 2, so that the relation 7, — I4= Igc, — Igc4 is satisfied (Figure 1(b)).
d) Calculate V'3 and I3 by Equations (6) and (7).
e) Select multiple sets of data points (74, 71) on the |-V characteristics 1, and calculate (73, I3)

for each by the procedures (¢) and (d).

f) The I-V characteristics 3 at the irradiance G3 and temperature T3 are given by the set of
data points (V3, I3) (broken line in Figure 1(b)).

Figures 1(a) and 1(b) show an example of an irradiance correction. Figures 1(c) shows an
example of a temperature correction. Figure 1(d) shows a simultaneous correction of
irradiance and temperature. When 0 < a < 1, the procedure is interpolation. Otherwise, the
procedure is extrapolation.

It should be noted that when G4, G,, Ty and T, are fixed, Gz and T3 cannot be chosen
independently, because they have the relationships given in Equations (8) and (9) (Figure 2).
For example, when G, = 1 000 W/m2, T, = 20 °C, G, = 0 W/m?, T, = 60 °C (dark I-V curve at
60°C), and you wish to have the new curve at G5 = 750 W/m?, a is calculated to be 0,25 by
Equation (8). Therefore, T3 should be 30 °C from Equation (9).
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Subfigures (a) and (b) show irradiance corrections, (c) shows a temperature correction and (d) shows simultaneous
correction of irradiance and temperature.

Figure 1 — Example of the correction of the I-V characteristics by
Equations (6) and (7)

NOTES 1 Interpolation usually gives better results than extrapolation.

NOTE 2 When Igcq # Igco and the corrected -V characteristics around the open-circuit voltage is required, the
measured characteristics should extend beyond V..

NOTE 3 When there are no measured data points which exactly satisfy I, = I4 + (Isc2 — Isc1), the V5 and I, may
be calculated from interpolation of the data points in the I-V curve 2.
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Simultaneous e
correction of irradiance  (G1, T1)
and temperature
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IEC 2418/09

The solid line and broken line show the range of G5 and T3 which are calculable by the interpolation and
extrapolation, respectively.

Figure 2 — Schematic diagram of the relation of G; and 7; which can be chosen in the
simultaneous correction for irradiance and temperature, for a fixed set of 7y, G4, T,,
and G, by Equations (8) and (9)

3.43 Correction to various irradiances and temperatures from three |-V
characteristics

The correction of the |-V characteristics to various ranges of irradiance and temperature is
possible by combining the procedures described in 3.4.2. For example, when three
characteristics measured at irradiances and temperatures of (G, Ty), (G, T},) and (G, T,;) are

available as shown in Figure 3(a), the I-V characteristics at any irradiances and temperatures
(G, T,) can be calculated as follows.

a) The characteristics at (G, T,,,) are calculated from those at (G, T) and (G, T})-
b) The characteristics at (G, T},) are calculated from those at (G, 7,,) and (G, T.).
For example, when (G,, T,), (Gy, Ty), (G, T;) and (G,, T,) are (950 W/m2, 15 °C), (850 W/m?Z,

25 °C), (1100 W/m2, 30 °C) and (1000 W/m2, 25 °C) respectively, then (G, Tpy) are
(900 W/m2, 20 °C).
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The shaded area in (a) shows the range which can be calculated by interpolation only. Sub-figure (b) shows an
example of the |-V characteristics which correspond to (a).

Figure 3 — Schematic diagram of the processes for correcting
the 1-V characteristics to various ranges of irradiance
and temperature based on three measured characteristics

3.4.4 Correction to various irradiances and temperatures from four measured |-V
curves

When four |-V characteristics measured at irradiances and temperatures of (G, T,), (G, Tp),
(Ge, T.;) and (Gy4, Ty4) are available as shown in Figure 4, the |-V characteristics at any
irradiances and temperatures (G,, T,) can be calculated as follows. This process is useful for

correction of the characteristics in a wide range of irradiance and temperature. Although the
pair of (G|, 7)) and (G,,, T,,) to calculate the characteristics at (G,, T,,) is not unique, good

correction results are usually available when (G, — G)/(G5; — Gp) = (G, — G,))/(G;, — Gy) is
satisfied.

a) The characteristics at (G|, 7)) are calculated from those at (G,, T,) and (G, T}).
b) The characteristics at (G,,,, T,;,) are calculated from those at (G, T,) and (Gy, Ty).

c) The characteristics at (G, T,,) are calculated from those at (G,, 7}) and (G, T},,)-

For example, when (G,, T,), (Gy, Ty), (Gg Tg), (Gy, Tq) and (G,, T,) are (500 W/m?, 55 °C),
(400 W/m2, 31°C), (1000 W/m2, 60 °C), (950 W/m2, 32°C) and (800 W/m2, 45 °C)
respectively, then (G,, 7)) and (G, T,) are (450 W/m2, 43 °C) and (975 W/m2, 46 °C)
respectively.

The 1-V characteristics in the range of irradiance and temperature shown by the shaded area
of Figure 4 can be calculated by interpolation. The characteristics in the range other than the
shaded area can be calculated by using extrapolation. However, care should be taken that
extensive extrapolation not result in bad correction results and a poor correction accuracy.
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The shaded area shows the range which can be calculated by interpolation only.

Figure 4 — Schematic diagram of the processes for correcting the I-V characteristics
to various ranges of irradiance and temperature based on four measured
characteristics

4 Determination of temperature coefficients

4.1 General

For PV devices temperature coefficients are commonly used for the following parameters:
short-circuit current (&), open-circuit voltage (f) and peak power (9).

These parameters may be determined from measurements in natural sunlight or simulated
sunlight. The coefficients so determined are valid at the irradiance at which the
measurements were made. For linear PV devices, they are valid over an irradiance range of
130 % of this level.

The temperature coefficients of a thin-film module may depend upon the irradiation, spectral
irradiance and the thermal history of the module. When temperature coefficients are referred
to, the history concerning the conditions and the results of irradiation along with thermal
history shall be indicated.

See IEC 60904-10 for evaluation of module temperature coefficients at different irradiance
levels.

4.2 Apparatus
The measuring apparatus shall comply with the following:

a) The apparatus and instrumentation shall comply with the requirements of IEC 60904-1.

b) If a solar simulator is used as radiant source it shall comply with class BBB or better in
accordance with IEC 60904-9.

c) The apparatus includes equipment necessary to change the temperature of the test
specimen over the range of interest.

NOTE The following equipment has been used successfully:
— blowers, allowing cooling and heating of the specimen by airflow;

— mounting blocks with variable temperature in close contact with a single cell or an entire module;
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— chambers with a transparent window, where internal temperature can be controlled;
— aremovable shade when natural sunlight is used.
d) If the test device is a module, the temperature of the module shall be measured at

approximately the four positions shown in Figure 5 (assuring that each position is directly
behind a cell) and their values averaged.

IEC 2422/09

Figure 5 — Positions for measuring the temperature
of the test module behind the cells

4.3 Procedure in natural sunlight
Measurement in natural sunlight shall only be made when:

— the total irradiance is at least as high as the upper limit of the range of interest;

— the irradiance variation caused by short-term oscillations (clouds, haze, or smoke) is less
than £2 % of the total irradiance as measured by the reference device;

— the wind speed is less than 2 m-s~1.

NOTE 1 Measurements in natural sunlight shall be made as expeditiously as possible within a few hours on the
same day to minimize the effect of changes in the spectral conditions. If not, spectral corrections may be required.

a) If the test specimen and reference device (IEC 60904-2) are equipped with temperature
controls, set the controls at the desired level.

b) If temperature controls are not used, shade the specimen and the reference device from
the sun and wind until its temperatures are uniform within £2 °C of the ambient air
temperature. Alternately, allow the test specimen to equilibrate to its stabilized
temperature, or cool the test specimen to a point below the required test temperature and
then let the module warm up naturally. The reference device should also stabilize within
+ 2 °C of its equilibrium temperature before proceeding.

NOTE 2 For large-area modules an alternate approach is to use the equivalent cell temperature (ECT) in
accordance with IEC 60904-5, if the temperature requirement is not met.

c) Record the I-V characteristic and temperature of the specimen concurrently with recording
the short-circuit current and temperature of the reference device at the desired
temperatures. If necessary, make the measurements immediately after removing the
shade. Take the values of Igc, V. and Py
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d) Adjust the device temperature by means of a temperature control or alternately exposing
and shading the test module as required to achieve and maintain the desired temperature.
Alternately, the test device may be allowed to warm-up naturally with the data recording
procedure of item b) performed periodically during the warm-up.

e) Ensure that the test device and reference device temperature are stabilized and remain
constant within +2 °C and that the irradiance as measured by the reference device
remains constant within +1 % during the recording period for each data set.

f) If necessary, translate data to the irradiance level for which temperature coefficients shall
be reported using one of the procedures in this standard. The translation can only be
performed within the range of irradiance where the module is linear as defined in
IEC 60904-10.

g) Repeat steps d) through f). Module temperatures shall be such that the range of interest
is at least 30 °C and that it is spanned in at least four approximately equal increments.
4.4 Procedure with a solar simulator

The procedure using a solar simulator is as follows:

a) Heat or cool the module to the temperature of interest until its temperature is uniform
within £2 °C. Once the module temperature has stabilized, set the irradiance to the
desired level, using the reference device (IEC 60904-2).

b) Record the current-voltage characteristic and temperature of the specimen and take the

values of Igc, Vo and Py

c) Change the module temperature in steps of approximately 5 °C over a range of interest of
at least 30 °C and repeat steps a) and b).

4.5 Calculation of temperature coefficients

4.5.1 Plot the values of Igc, Voc and P,y as functions of the device temperature and
construct a least-squares-fit curve through each set of data.

4.5.2 From the slopes of the least squares fit. draw straight lines for current, voltage and
Phax- Calculate «, the temperature coefficient of short circuit current, S, the temperature

coefficient of open circuit voltage, and ¢, the temperature coefficient of P ,,, for the module.

NOTE 1 See IEC 60904-10 to determine if the test modules can be considered to be linear devices.
NOTE 2 Temperature coefficients are only valid at the irradiance level and spectrum at which they were measured.

NOTE 3 Relative temperature coefficients expressed as percentages can be determined by dividing the calculated
value of ¢, 4, and J by the values of current, voltage and peak power at 25 °C.

NOTE 4 Because the fill factor of the module is a function of temperature, it is not sufficient to use the product of
o and f as the temperature coefficient of peak power.

5 Determination of internal series resistance Rg and R’g

5.1 General

The experimental method for determination of Rg or R’g is different for correction procedures

1 and 2 although they both start from the same data set of |-V curves. These parameters may
be determined in natural sunlight or simulated sunlight by the following procedure.

Trace current-voltage characteristics of the test specimen at constant temperature and at
three or more different irradiances (G4 ... Gy) covering the range of interest within which the

curve translation shall be performed. The exact values of irradiances need not be known. For
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linear devices they can be calculated according to Gy = Ig¢ N/Isct X G¢. During the [-V

measurements the device temperature shall be stable within +2 °C. Plot the |-V curves in a
diagram (Figure 6a).

NOTE For the purpose of changing irradiance, large area meshes with uniform transmittance can be used.
Regarding spectral irradiance, these can be considered as neutral mesh filters.

5.2 Correction procedure 1

5.2.1 Assuming that Igc¢ is the short-circuit current of the |-V characteristic recorded at
highest Irradiance G4, translate sequentially all other (N-1) curves recorded at lower
irradiance (G, .. Gy) to the G4, using Rg = 0 Q.

5.2.2 Plot the corrected I-V curves in a diagram (Figure 6b).
5.2.3 Change Rg in steps of 10 mQ in the positive or negative direction. The proper value of

"Rg" has been determined, if the deviation of maximum output power values of the transposed
I-V characteristics coincide within + 0,5 % or better (see Figure 6¢).

a)

Module current
Module current

Module voltage IEC 2423/09 Module voltage IEC 2424/09

c)

Module current

Module voltage IEC 2425/09

a) Measured |-V characteristics at different irradiances and constant temperature

b) Corrected |-V characteristics at Rg = 0 Q

c) Corrected |-V characteristics at R = optimal

Figure 6 — Determination of internal series resistance
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5.3 Correction procedure 2

5.3.1 Assuming that I/gcq is the short-circuit current of the |-V characteristic recorded at
highest Irradiance G4, translate sequentially all other (N-1) curves recorded at lower
irradiance (G, .. Gy) to the G4, using R’g = 0 Q, a = 0 as starting values using Equations (4)
and (5).

5.3.2 Plot the corrected |-V curves in a diagram (see Figure 7b).
NOTE At given start values R'g = 0 Q, a = 0 only the translated short circuit currents will coincide.

5.3.3 Increase the parameter "¢" of Equation (5) in steps of 0,001 and keep R’ = 0 Q. The

proper value of "¢" has been determined, when the open circuit voltages of the transposed I-V
characteristics coincide within £0,5 % or better (see Figure 7c¢).

NOTE 1 |If it is not possible to find a suitable parameter resulting in conformance of translated V¢ values, the
correction procedure is not suitable for this PV device technology.

NOTE 2 The Vg irradiance correction factor is typically < 0,1 for linear PV devices

5.3.4 Fix "a" to the value determined in step 5.3.3. Use ng/np x 10 mQ as an estimate for the
internal series resistance R’q where ng is the number of serially connected cells and np is the
number of parallel connected blocks in the test device.

5.3.5 Change R’g in steps of 10 mQ in the positive or negative direction. The proper value of
"R’s" has been determined, if the deviation of maximum output power values of the
transposed |-V characteristics coincide within £0,5 % or better (see Figure 7d).
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a) Measured |-V characteristics at different irradiances and constant temperature

b) Corrected |-V characteristics at @ =0 and R’g=0 Q
c) Corrected |-V characteristics at d =optimal and R’g=0 Q
d) Corrected I-V characteristics at @ =optimal and R’g=optimal

Figure 7 — Determination of Vg irradiance correction factor
and internal series resistance

6 Determination of the curve correction factor xand «x”’

6.1 General

The experimental method for determination of curve correction factors xand « is identical for
both correction procedures 1 and 2. They may be determined in natural sunlight or simulated
sunlight by the following procedure. The temperature coefficients « and # must be known as
they are used as inputs for determination of xand «”.

6.2 Procedure

6.2.1 Trace current-voltage characteristics of the test specimen at a constant irradiance and
at different temperatures (74...7y) covering the range of interest within which curve translation
shall be performed. During the |-V measurements irradiance shall not differ by more than
+1 %. The irradiance value shall lie within the range which has been used for determination of
the irradiance correction parameters in Clause 5 (see Figure 8a).

NOTE 1 See 4.1 for information on equipment and measurement techniques for temperature control
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NOTE 2 When measuring the |-V characteristics of a module, precautions must be taken to ensure uniformity of
the device temperature within +2 °C of the intended level.

6.2.2 Assuming that 7 is the lowest device temperature, translate sequentially all other (N-1)
curves recorded at higher temperatures (75,... Ty) to 7y using x = 0 Q/K in Equation (2) or x’=
0 Q/K in Equation (5).

6.2.3 Plot the corrected |-V curves in a diagram (see Figure 8b).

6.2.4 Starting from 0 mQ/K change x or ¥ in steps of 1 mQ/K in the positive or negative
direction. The proper value of xor ¥ has been determined, if the deviation of maximum output
power values of the transposed |-V characteristics coincide within +£0,5 % or better
(see Figure 8c).

Module current
Module current

Module voltage IEC 2430/09 Module voltage IEC 2431/09

Module current

Module voltage IEC 2432/09

a) Measured |-V characteristics at different device temperatures.
b) Temperature corrected I-V characteristics with k¥ =0 Q/K or ¥ = 0 Q/K.

c) Corrected |-V characteristics with x = optimal or ¥ = optimal.

Figure 8 — Determination of curve correction factor

7 Reporting

The following information shall be given if temperature and irradiance corrections are applied
to measured |-V characteristics:

a) description of the test device;



BS EN 60891:2010
- 20 - 60891 © IEC:2009

b) measurement conditions of irradiance and device temperature. If the linear interpolation

method is applied all sets of (G,,T;) shall be reported;

c) identification of the correction procedure used;

d) values and origin of I-V correction parameters;

e) irradiance level to which temperature coefficients are referred;

f)

a statement of the estimated translation accuracy.

If I-V correction parameters are measured the following information shall be given:

identification of measurement method used;

ranges for irradiance and device temperature that were used as basis for determination of
|-V correction parameters;

measurement protocol and derived results supported by tables, graphs and photographs
as appropriate;

spectral irradiance distribution of the light source;
a statement of estimated measurement uncertainty for |-V correction parameters;

statement whether the PV device can be regarded as linear in accordance with
IEC 60904-10 and over what range of irradiances and temperatures it is linear;

electrical condition of the test specimen regarding history of temperature and light
treatment prior to the measurements, if applicable;

any deviations from, additions to, or exclusions from the measurement procedures for
determination of I-V correction parameters.
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