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ON-SITE MEASUREMENT OF THE PERFORMANCE OF PV ARRAYS

F.C. Treble

1. INTRCDUCTICN

When a PV array has been installed, the purchaser or responsible
authority sometimes requires an on-site measurement of its performance, in
order to confirm that the rated power complies with the specification. In
the case of large pilot or demonstration projects, the measurement may be
repeated after a period of time, to detect any degralation.

The measurement consists of tracing the current-voltage characteristic
of the array and transposing the resulting curve to Standard Test Conditions .
The rated power is then read off. If the array is too large to measure as
a whole, parts of it are measured in turn and the total power determined
from these data.’

" On-site measurements present a nunber of problems i-

1)  With a fixed tilt array, the solar beam is seldom at normal 2
incidence to the modules, so a minimum irradiance of 800 W/m ,
as specified in IEC 904-1 for module rating in natural sunlight,
may prove uifficult to obtain.

2) The irradiance in the plane of the modules is not always uniform
over the whole array field,

3) It is not always possible to achieve the accuracy of + 0.5% speci-
fied for voltage and current measurements in IEC 904-1. Some
relaxation is therefore necessary.

4) For the purpose of transposing the measured characteristic to
STC, it is necessary to know the cell junction temperature.
This can vary considerably over the array.

The CEC Joint Research Centre, Ispra has long expcrience in this area
of solar technology and they have helped the IEC to tackle these problems
in preparing an international standard for on-site array measurements.
The procedure described in thils lecture is based on the latest draft to
emerge from this collaboration. Experlence has shown that, if it 1s follow-
ed, an overall accuracy within + 5% can usually be achieved.

2. . EQUIPMENT
The following equipment is required (Fig.l) -

1) A PV reference device that has been selected and calibrated in
accordance with IEC 904-2. Preferably, it should be encapsu-
lated in the same way as the modules in the array, so that it
reaches the same steady-state temperature.

2) A bracket for mounting the reference device co-planar with a
module in the array or subarray under test. The misalignment
error should be less than +2%.



'3)

4)

6)
7)

8)

A precision resistor for measuring the short-circuit current of
the reference device.

2 bportable radiometers for checking the uniformity of the in-
plane irradiance. (Not necessary for small arrays).

Voltage and current measuring instruments complying with 1EC
904-1, except that the accuracy shall be within + 1%.

Means for measuring the amblent temperature to within + 1%¢.

A variable load suited tc the power range of the array or subarray
under test. A capacitive load, as devzaloped by JRC and other
agencies, 1s recommended.

An X-Y plotter or digital storage oscilloscope for tracing the
I-V curve,

Res.
Variable X-Y plotter
iocad or
Digital
storage
PV oscilloscope
Array
.
Ref. Digital
device [ fes. voltmeter
(

Fig.1 TEST CONNECTIONS

3. WEATHER CONDITIONS

Measurements should be made only on sunny days under the following
conditions 1-

- Average in-plane lirradiance not less than 600 H/mz.

- Irradiance fluctuations in the course of a measurement not to
exceed * 17



PROCEDURE

1)

2)

3)

b)

5)

?7)

EInsure that the windows of all modules are clean. 1f this is
not practicable, an estimate of any power loss due to soiling
should be made from tesis on comparable groups of cleaned and
uncleaned modules and this loss applied as a correction to the
measured data.

Using one of the portable radiometers, check the uniformity of
the in-plane irradiance over the array or subarray to be measured
(hereafter referred to as the "test specimen"). Keep the second
radiometer stationary to monitor any temporal fluctuations and
correct the readings of the moveable radlometer as necessary.
(This step may be omitted for small arrays).

Select a module on which the irradiance has a mean value and
nount the reference device on this module, using the bracket.

Disconnect the test specimen at the subarray paralleling board
or other convenient point and connect it to the test circuit.

Connect the reference device to its instrumentation. (Fig.1)

During the day, make repeated simultaneous readings of 1-

Voo + the open-circuit voltage of the test specimen (v),
T, . the ambient temperature (°c) and
GI . the in-plane,irradiance, as determined by the reference

device (W/m“).

These measurements should be taken over as wide a range of
irradiances as possible.

From each set of data, compute the open-circuilt voltage of the
test specimen at STC, thus :-

ar
_ J
Voo sTC Voo * Vg {%T.ln(looO/GI) + B - Gy *+ T, - 2%}

I

where 3 NS is the number of modules in series in the test specimen

VT is the diode thermal voltage of the module
(ca. 0.025V/cell)

is the temper%ture coefficient of voltage of the mc
(ca. 0.0022V/°C per cell)

aT

T 15 the slope of the graph relating “he equivalent cell
temperature of the array T to the irradiance G.. For

froe-standing arrays with % NOCT,of 45°C, this ferm

may be assumed to be O.OBOC/(w/mZ).

—

Calculate the average V from the values derived from the
e 0C,5TC
individual measurements.



8)

. 9)

11)

12)

Trace the I-V characteristic of the test specimen and, at the

same time, note the short-circuit current of the reference device.
The scan time should be between 20 and 10Cms and the number of
points on the I-V curve should be at least 50,

Transpose the current and voltage at each point on the measured
I-V characteristic tec STC, as follows :-

Y

I

- Il(lOOO/GI)

i, = U+ (Vg gre = Voo - Bgllp - Ip)

are the current and voltage co-ordinates at a
point on the measured characteristic

where 1 Il and Vl

IZ and V2 are the co-ordinates of the corresponding polint
on the transposed characteristic at STC

VOC,STC is the average value determined in Step 7
v is the open-circuit voltage of the test specimen,
oG . .
as determined during the scan.
RS is the series resistance of the testi specimen

and assoclated cabling.

Note The above transposition eguations are simpler than those
specified in IEC 891 for the transposition of module character-
istics. (See Appendix for these equations)., The main differences

are i

- Currents are transposed by simpl§ multiplying by the ratio of
the standard irradiance (1000W/m“) to the measured irradiance,
G.. There is no correction for temperature, as it is assumed

t%at the reference device is at the same temperaturc as the

modules.

- In the voltage equation, the term (VOC e V_ ) takes the
place of ,B(T - T,), thus overcoming tge prob?gm of measuring
T,, the array junc%ion temperature. There is no curve correctinn
térm, as this has been found to be unnecessary.

RS is determined by measuring the I-V characteristic of thi test
sPecimen at two different irradiances, say 600 and 1000W/m”.
Both curves are then transposed to STC, using assumed values of
R., until the value is found that results in the best match
between the transposed curves. Once determined, the value of R
may be assumed to hold good for other test specimens of the same

configuration.

trom the transposed characteristic, determine the maximum power
and the rated power at STC.

If the array has been divided into sections for test purposes,
repeat Steps 1 to 10 with the other sections.

Weather and time pexrmitting, repeat the whole procedure on &
different day.



13) Add the average values of the subarray rated powers to obtain
the rated power of the complete array.

If the test specimen is disconnected for the measurement at the sub-
array paralleling boaxrd, it must be realised that the measured data will
include diode, module mismatch and cable losses, If it is desired to use
the on-site measurement to calculate the total output power of the modules
and deduce therefrcm the mean nmodule power for comparison with the maker's

rating, an estimate of these losses must be made and adled to the measured
powWer.

APPENDIX
TRANSPOSITION EQUATIONS FOR MODULE I-V CHARACTERISTICS
(From IEC 891)
The measured current-voltage characteristic shall be corrected to

Standard Test Conditions or other selected temperature and irradiance values
by -applying the following equations :

Iy = Ty % IgolIgp/Typ = 1)+ (T, - Ty)
2 =V m BTy - L) - KL(T, - Ty) + A(T, - Ty)
where : I1 and Vl are co-ordinates of points on the measured characteristic

I2 and V2 are co-ordinates of the corresponding points on the
corrected characteristic

ISC is the measured short-circuit current of the test specimen

IMR is the measured short-circuit current of the reference
device

ISH is the short-circuit current of the reference device

at the standard or other desired irradiance

T1 is the measured temperature of the test specimen
T2 i1s the standard or other desired temperature
% und 3 are the current and voltage temperature coefficients

of the test specimen in the standard or other desired
irradiance and within the temperature range of interest
( /A is negative)

RS is the internal series resistance of the test specimen

X is a curve correction factor.



