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Solar America Board for Codes and Standards

The Solar America Board for Codes and Standards (Solar ABCs) provides an effective venue for
all solar stakeholders. A collaboration of experts formally gathers and prioritizes input from
groups such as policy makers, manufacturers, installers, and large- and small-scale consumers to
make balanced recommendations to codes and standards organizations for existing and new solar
technologies. The U.S. Department of Energy funds Solar ABCs as part of its commitment to
facilitate wide-spread adoption of safe, reliable, and cost-effective solar technologies.
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BACKGROUND

Solar ABCs recently (March 2011) developed a recommended policy report entitled
“Photovoltaic Module Power Rating Requirements.” The purpose of the report was to develop a
Solar ABCs power rating policy statement that establishes requirements for the procurement of
photovoltaic (PV) modules for consumers, states, and organizations providing incentives for PV
systems in the United States. The purpose of this document is to convert the above policy report
into a PV module standard with the text format that would be acceptable to the standard
developing organizations (SDO) such as IEEE, ASTM or IEC.

The European Community has developed a related standard (EN 50380) titled ““Datasheet and
nameplate information for photovoltaic modules.” This EN standard, published in 2003, details
the information that must be supplied with a PV module by the manufacturer. The EN standard
requires module data (voltage, current, and power at maximum power point, Voc and Isc) at
STC, NOCT, and low irradiance conditions as well as temperature coefficients.

The proposed standard by Solar ABCs differs from the EN standard in three major view points:

Difference 1: The EN standard requirement can be represented as in the Equation 1 below:

(Pmeasured + m) > (Prated - t) [1]
where “m” is the measurement uncertainty and “t” is the production tolerance.

The above EN standard requirement allows leniency, for the nameplate rating by the
manufacturers, on both sides of the equation: the production tolerance leniency on the right side
of the equation and the measurement uncertainty leniency on the left side of the equation.
Unfortunately, the measurement uncertainty varies from one lab to another, and one technology
to another. Also, the EN standard does not impose any specific lower/upper limit for the
production tolerance. The proposed standard by Solar ABCs accounts for these issues of the EN
standard.

Difference 2: The EN 50380 standard requires reporting the module data only at 3 test
conditions: STC, NOCT and low irradiance. The newly published (January 2011) standard IEC
61853-1 titled “Photovoltaic Module Performance Testing and Energy Rating™ requires
reporting the module data at 23 test conditions. The proposed standard by Solar ABCs
recommends the use of the test conditions required by the IEC 61853-1 standard.

Difference 3: The EN 50380 standard does not impose any statistical sampling requirement to
select the modules for the independent power rating measurements. The proposed standard by
Solar ABCs incorporates a simple statistical sampling method to determine the number of

samples required for the power rating measurements by the independent testing organizations.



PROPOSED STANDARD
IEEE/IEC/ASTM Designation: XXXXXX-11

Nameplate, Datasheet and Sampling Requirements of Photovoltaic Modules
1. Scope

1.1 This standard identifies the required information on the production and measurement
tolerances of nameplate rating of flatplate photovoltaic (PV) modules.

1.2 This standard identifies twenty-three test conditions under which the performance parameters
of PV modules shall be reported.

1.3 This standard identifies a simple statistical method to determine the number of samples
required for the power rating measurements by the independent testing organizations.

1.4 This standard requires that the nameplate on the PV module carries certain minimum
information identified in this standard.

1.5 This standard requires that the datasheet supplied by PV module manufacturers carries
certain minimum information identified in this standard.

1.6 This standard does not apply to the concentrator PV modules
2. Overall Requirements of the Standard

After accounting for the light induced degradation as per IEC 61215 (crystalline silicon)* or
IEC61646 (thin film)?, the measured average power shall be equal to or higher than the nominal
nameplate power rating at STC (standard test conditions) and no individual module power shall
be more than 3% below nominal. These requirements are represented by the following two
equations:

I:)measured, average > I:)rated, nominal

&
I:)measured, individual = (Prated, nominal — 3% production tolerance)

where Pmeasured, average IS the measured average power of “n” samples
and Pmeasured, individual 1S the measured power of individual samples.

In addition, at least one module closest to the nominal rated power shall be measured at other
twenty-two reference conditions given in IEC 61853-1 standard. The nameplate on the individual
PV modules shall carry the minimum information identified in section 3 of this standard.
Similarly, the datasheet supplied by the PV module manufacturer shall carry the minimum



information identified in section 4 of this standard. The number of samples used to calculate the
measured average power shall be determined using the method identified in section 5 of this
standard.

3. Nameplate Requirements

The nameplate on the individual PV modules shall carry the following minimum information:

e Name and logo of original manufacturer or supplier

e Type designation and serial number

e Maximum system voltage

¢ Rated nominal power (Pnax) at STC
(Standard Test Condition: 1000 W/mz2, 25 °C cell temperature and AM 1.5 global
spectrum)

e Maximum negative production tolerance (- % or = %) of P« at STC

e Short circuit current (lsc), Open circuit voltage (Voc), Voltage at maximum power point
(Vmax) and Current at maximum power point (Imax) at STC

4. Datasheet Requirments

The datasheet supplied by the PV module manufacturer shall carry the following minimum
information:

¢ All the nameplate information identified in section 3 of this standard

e Name of an acceptable independent ISO 17025 accredited laboratory which measured the
test samples

e Temperature coefficients (%/°C) of Vo, lse, Vinax, Imax and Ppax at STC

e Performance data for at least one module closest to the nominal rated power shall be
measured at twenty-three reference conditions given in IEC 61853-1 standard and shown
in Table 1 below.

e Number of samples used by the independent lab to obtain measured average power

e Measured power of all the individual modules used to obtain average power

e The measurement uncertainty of each test sample at STC along with calibration
traceability chain for the measuring equipment of the test laboratory and calibrated
modules used in the production line by the manufacturer shall be reported.

e A statement from the manufacturer attesting that the test modules were stabilized by the
independent test laboratory for the light induced degradation by preconditioning the test
samples according to IEC Standard 61215 (crystalline silicon), Section 5, or after light-
soaking according to IEC Standard 61646 (thin film), Section 10.19 or other stabilizing
methods as recommended by the manufacturer (if they are consistent with outdoor
operation).

e A statement from the manufacturer confirming that the sampling requirements identified in
section 5 of this standard is met by the independent test laboratory.



Table 1: Twenty-Three Reporting Conditions Required by IEC 61853-1 Standard

Pmax: lser Voor @and Vversus Irradiance and Temperature

Irradiance (W/m?2) Spectrum Module Temperature (°C)
15 25 50 75
1100 AM1.5 NA
1000 AM1.5
800 AM1.5
600 AM1.5
400 AM1.5 NA
200 AM1.5 NA
100 AM1.5 NA NA

5. Sampling Requirements

The required number of samples (n) for the average is dictated by the standard deviation (o) of
the measured values. A baseline value for ¢ is calculated from a minimum number of 30
samples. Then this baseline value of ¢ is used to determine the required number of samples (n) to
meet the Policy recommendation. The required number of samples “n” shall be determined using
the following method:

e Note down the nameplate rated power (P, in watts)

e Measure the individual power of 30 modules

e (alculate the standard deviation (o in watts) of these 30 modules

e Determine the sample size “n” using the following equation and table

n=(zy/,* 6/0.03P,)?

Confidence level Zyn
90% 1.645
959/, 1.96
99% 2.58
99.9% 3.3




If the “n” value is determined to be higher than 30, then the measured average power shall be
based on “n” samples. If the “n’ value is determined to be less than 30, then the measured
average power shall be based on 30 samples. The “n” value shall be rounded upward. The details
on the sample size determination are presented in the appendix. The timeline for module
sampling shall be mutually agreed upon between the supplier and customer.

6. References

1) IEC 61215 (2005): Crystalline silicon terrestrial photovoltaic (PV) modules-Design
qualification and type approval

2) IEC 61646 (2008): Thin film terrestrial photovoltaic (PV) modules-Design qualification
and type approval

3) IEC 61853-1 (2011): Photovoltaic Module Performance Testing and Energy Rating



APPENDIX
Sample size (n) determination

Assume that the measured average power of “n” samples (say, P;) is to be within +/-3% of the
rated nominal value (say, Po). That is, if one draws a random sample (for example 30 modules)
from a production line and compute the average or mean of 30 samples (say, P), then that value
(average) shall fall between 0.97P, and 1.03P,; with a certain degree of confidence.

We can set our sight on a 95% (2-sigma) or 99% (3-sigma) confidence level for example. So a
95% confidence interval can be computed as:

P +20p

Where

op = o/ \Vn = standard error of the mean

o = standard deviation of the sample drawn (30 samples)
n = sample size

Thus, the half-width confidence interval is given by
w=2% o/\n
More accurately, 95% confidence level <--> z,,-sigma; so
W =Z,0% (5/\/11
where z,, can be obtained from statistical tables for any confidence level.

The commonly used values of z,, are shown in the following table.

Confidence level Zyn
90% 1.645
959/, 1.96
99% 2.58
99.9% 3.3

If the target half-width is 3% P as stated, then
3%Po = Za/z* G/\/n

N = (Zan* 6/0.03Pg)?
Note
The value of “c” is estimated from a prior sample (of size 30 above).
The value of “n” obtained shall be rounded upward
P, is the average of "n" samples after preconditioning (crystalline silicon) or light-soaking (thin
film)
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