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NATIONAL FOREWORD
This Indian Standard which is identical with IEC 61724 : 1998 'Photovoltaic system performance monitoring
— Guidelines for measurement, data exchange and analysis' issued by the International Electrotechnical
Commission (IEC) was adopted by the Bureau of Indian Standards on the recommendation of the Solar
Photovoltaic Energy Systems Sectional Committee and approval of the Electrotechnical Division Council.
The text of the IEC Standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is
particularly drawn to the following:
a)

Wherever the words 'International Standard' appear referring to this standard, they should be read as
'Indian Standard'.

b)

Comma (,) has been used as a decimal marker in the International Standard while in Indian Standards,
the current practice is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian Standards
also exist. The corresponding Indian Standards which are to be substituted in their respective places are
listed below along with their degree of equivalence for the editions indicated:
International

Standard

Corresponding

Indian

Standard

IEC 60904-2 : 1989 Photovoltaic
devices — Part 2: Requirements for
reference solar cells

IS 12762 (Part 2) : 1993 Photovoltaic
devices: Part 2 Requirements for
reference solar cells

IEC 61194 : 1992 Characteristic
parameters of stand-alone photovoltaic
(PV) systems

IS 14244 : 1995 C h a r a c t e r i s t i c
parameters of stand-alone photovoltaic
(PV) systems

IEC 61829 : 1995 Crystalline silicon
photovoltaic (PV) array — On-site
measurement of l-V characteristics

IS/IEC 61829 : 1995 Crystalline silicon
photovoltaic (PV) array — On-site
measurement of l-V characteristics

Degree

of

Equivalence

Identical

do

do

The technical committee has reviewed the provision of following International Standard referred in this
adopted standard and has decided that it is acceptable for use in conjunction with this standard:
International

Standard

IEC 60904-6 : 1994

Title

Photovoltaic devices — Part 6: Requirements for reference solar modules

Only the English language text of the International Standard has been retained while adopting it in this Indian
Standard, and as such the page numbers given here are not the same as in the IEC Standard.
For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with
IS 2 :1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in
the rounded off value should be same as that of the specified value in this standard.
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1

Scope

This International Standard recommends procedures for the monitoring of energy-related PV
system characteristics such as in-plane irradiance, array output, storage input and output and
power conditioner input and output; and for the exchange and analysis of monitored data. The
purpose of these procedures is to assess the overall performance of PV systems configured as
stand-alone or utility grid-connected, or as hybridised with non-PV power sources such as
engine generators and wind turbines.
This standard may not be applicable to small stand-alone systems due to the relatively high
cost of the measurement equipment.
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Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.
IEC 60904-2:1989, Photovoltaic devices - Part 2: Requirements for reference solar cells
Amendment 1 (1998)
IEC 60904-6:1994, Photovoltaic devices - Part 6: Requirements for reference solar modules
Amendment 1 (1998)
IEC

61194:1992,

IEC
l-V

61829:1995,
characteristics
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Characteristic parameters
Crystalline

silicon

of stand-alone photovoltaic

photovoltaic

(PV)

array

-

(PV)
On-site

systems
measurement

of

Measured parameters

Parameters to be measured are shown in table 1 and figure 1. Other parameters can be
calculated from the measured data in real time by the data acquisition system's software. Note
that all blocks in figure 1 can represent multiple components. The measured parameters and
array characteristics are defined in IEC 61194.
The parasitic power drawn by all ancillary systems shall be considered a power loss of the PV
plant and shall not be considered a load. All monitoring systems not essential for the operation
of the PV plant shall be considered part of the load. The monitoring equipment may present a
major part of the overall power consumption, and the end user should be made aware that
supplemental power may be required to satisfy the total load requirement.
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Table 1 - Parameters to be measured in real time

1) Total irradiance, also known as the plane-of-array irradiance, defined as the radiant power, direct plus diffuse,
incident upon unit area of an inclined surface,

Parameters such as wind speed are optional, but may be required by special contract or if the PV array is
subject to extreme operating conditions.

2)

AC and d.c. quantities may be distinguished by the addition of subscripts. In the case of multi-phase systems,
parameters VL , LL and PL shall be specified for each phase.

3)

A single current or power sensor can normally be used for the measurement of current or power for directions
of both input and output. A positive sign in the sensor's output signal represents input to the energy storage
device or utility grid and a negative sign represents output from the storage device or utility grid. Input and
output from a single sensor must be accumulated separately in software.
4)

Tracker angles are optional for systems with tracking arrays. For single axis trackers 0 T is used to describe the
position of the array about its tracking axis. For example, for a horizontal single axis tracker this parameter
would give the angle from horizontal, east is negative and west is positive.
5)

A direct measurement of the power output of the inverter portion of the power conditioner may be made if it
improves accuracy.

6)
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4
4.1

Monitoring method
Measurement of irradiance

Irradiance data are recorded in the plane of the array for use in the performance analysis of the
PV system. Horizontal data may also be recorded to permit comparisons with standard
meteorological data from other locations.
In-plane irradiance shall be measured in the same plane as the photovoltaic array by means of
calibrated reference devices or pyranometers. If used, reference cells or modules shall be
calibrated and maintained in accordance with IEC 60904-2 or IEC 60904-6. The location of
these sensors shall be representative of the irradiance conditions of the array. The accuracy of
irradiance sensors, including signal conditioning, shall be better than 5 % of the reading.

4.2

Measurement of ambient air temperature

Ambient air temperature shall be measured at a location which is representative of the array
conditions, by means of temperature sensors located in solar radiation shields. The accuracy
of air temperature sensors, including signal conditioning, shall be better than 1 K.

4.3

Measurement of wind speed
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4.4

Measurement of module temperature

PV module temperature shall be measured at locations which are representative of the array
conditions by means of temperature sensors located on the back surface of one or more
modules. The selection of module locations is specified under method A in IEC 61829. Care
must be taken to ensure that the temperature of the cell in front of the sensor is not
substantially altered due to the presence of the sensor. The accuracy of these sensors,
including signal conditioning, shall be better than 1 K.
4.5

Measurement of voltage and current

The voltage and current parameters may be either d.c. or a.c. The accuracy of voltage and
current sensors, including signal conditioning, shall be better than 1 % of the reading.
AC voltage and current may not need to be monitored in every situation.
4.6

Measurement of electrical power

The electrical power parameters may be d.c. or a.c. or both. DC power can either be calculated
in real time as the product of sampled voltage and current quantities or measured directly using
a power sensor. If d.c. power is calculated, the calculations shall use sampled voltage and
current quantities and not averaged voltage and current quantities 1 ) . The d.c. input power and
voltage on stand-alone inverters may have large amounts of a.c. ripple impressed. It may be
necessary to use a d.c. wattmeter to accurately measure d.c. power. AC power shall be
measured using a power sensor which properly accounts for the power factor and harmonic
distortion. The accuracy of power sensors, including signal conditioning, shall be better than
2 % of the reading.
An integrating power sensor with high-speed response (for example, a kWh meter) may be
used to avoid sampling errors.
4.7

Data acquisition system

An automatic data acquisition system is required for monitoring. The total accuracy of the
monitoring system shall be determined by a calibration method such as given in annex A. The
monitoring system should be based on commercially available hardware and software which is
properly documented with user's manuals. Technical support should be available.
4.8

Sampling interval

The sampling interval for parameters which vary directly with irradiance shall be 1 min or less.
For parameters which have larger time constants, an arbitrary interval may be specified
between 1 min and 10 min. Special consideration for increasing the sampling frequency shall
be given to any parameters which may change quickly as a function of system load. All
parameters shall be continuously measured during the specified monitoring period.

1) The error between d.c. power as calculated from the averaged product of sampled voltage and sampled current
and d.c. power as calculated from the product of averaged voltage and averaged current depends on the sample
rate and the variation in current. Errors can be significant for large current variations.
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4.9

Data processing operation

The sampled data from each measured parameter shall be processed into time-weighted
averages. Maximum or minimum quantities and transients of special interest may be
determined where required. For integrating power sensors, the sampled data is summed and
divided by the recording interval r r .

4.10 Recording interval, rr (expressed in hours)
The processed data values for each parameter shall be recorded hourly. More frequent
recordings may be implemented where required, as long as one hour is an integer multiple of
the recording interval r r .
At each recording interval, the time and date at the end of the period in which measurements
were taken shall be recorded. The time shall always refer to local standard time, not to
daylight-saving time. Universal time may be useful to avoid winter/summer time changes.

4.11 Monitoring period
The monitoring period shall be sufficient to provide operational data representative of load and
ambient conditions. Therefore, the minimum period of continuous monitoring shall be chosen in
accordance with the end use of the collected data.

5

Documentation

A monitoring log shall be kept on all unusual events, component changes, failures, faults or
accidents. Other comments which would be useful in interpreting and evaluating the data shall
also be noted, such as the weather, sensor recalibration, changes to the data acquisition
system, load, or system operation, or problems with sensors or the data acquisition system. All
system maintenance (such as changing modules, changing the array tilt angle or cleaning
spiled array surfaces) shall be explicitly documented.

6

Data format

It is not mandatory that the data be stored nor exchanged in either of the following two
illustrative formats. However, the first method based on separate header record and data
records is in use in several countries, and may facilitate the exchange of data between
organizations. For actual data transfer the line protocol terms, communication protocol and the
check-sum terms must also be specified.
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6.1

Separate header w i t h multiple data records

This format gives a header record of the site, date, time and comments followed by one or
more data records. A record is comparable to a printed line.
a) Each record shall consist of one or more fields with each field separated by a field
separation character (FS) which may be preferably a comma (ASCII 44), or optionally a tab
(ASCII 9). The records should be separated by an "end-of-line" (EOL) marker consisting of
a "carriage-return" character (ASCII 13), a "linefeed" character (ASCII 10), or a "carriage
return" followed by a "linefeed".
b) The header record shall be of the following form:
"Station" FS Date FS Time FS Comments
where
"Station" is the name of the site enclosed in double quotation marks (ASCII 34), of which
only the first eight letters are mandatory;
Date is the day of the measurement in the format of yy-mm-dd (leading zeros should be
included);
Time is the time of the recording in the format of hh:mm. Midnight should be referenced as
24 h in the previous day, not 0 h in the next day;
NOTE - Different formats of date and time may be necessary due to the unique software of the data acquisition
system.

Comments may be used to describe additional system characteristics, or may be used to
record unusual events, switching conditions or other messages at the discretion of the PV
plant manager, using ASCII or Extended ASCII characters (or equivalent), corresponding to
local character code standards.
c) A data record shall consist of its record number as the first field, followed by one or more
numerical data fields. The data fields are defined for the specific record as follows, using
the symbols listed in table 1:

Any number of additional data records may be.optionally included in the recording interval.
The content of these data records may be defined by the monitoring organization, with the
exception of the first field which should indicate the record number.
d) All numerical data shall be written in single-byte ASCII code. Data can be recorded, either
in free-field or fixed-field format, as signed integers or decimal fractions with the period
(ASCII 46) used as the radix (decimal point). If any numerical data field is not applicable to
a PV installation or if a data value is not available for a record, an empty field should be
indicated by an absence of characters. Thus, the FS character at the end of the empty data
field would immediately follow the FS character from the preceding data field. However, all
FS characters directly preceding the EOL marker should be suppressed. For example, in
data record 2 if only /TS and
PTS
ilable, then that record should be written as
follows:
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6.2

Single record format

Another format which can be used is the single record format in which all of the data for a
given recording interval is listed on one line. This single record format aids visual inspection,
particularly if used in conjunction with fixed field width since all of the data is given in a single
vertical column for each parameter.
\

Each field should be separated by a field separation character (FS) which may be preferably a
comma (ASCII 44), or optionally a tab (ASCII 9).
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Check of data quality

All recorded data should be checked for consistency and gaps to identify obvious anomalies
before any detailed analysis is conducted.
A reasonable set of limits shall be defined for each recorded parameter, based on the known
characteristics of the parameter, the PV plant, and the environment. The limits should define
the maximum and minimum allowable values for the parameter, and the maximum change
between successive data points. Data which fall outside these limits or are otherwise
inconsistent with other data shall not be included in the subsequent analyses. If possible (such
as with a computer-based data acquisition system), such checks shall be performed with the
sampled data in real-time before the data processing operation is executed.
The results of these data quality checks should normally include the following information:
a) a list of any data points falling outside the pre-set ranges;
NOTE - With automated systems collecting a large amount of data (megabytes), it is not practical to list the out-ofrange data points. However, some monitoring of the quantity of the out-of-range data points should be made and
reported. The out-of-range data points should not be used in the analyses.

b) the duration of monitoring activity r M A (expressed in hours), in the reporting period r,
(commonly one month, but expressed in hours), for which monitoring data have been
recorded and checked;
c) the total number of hours of data passing through the quality check should also be stated if
different than the duration of the actual quality check period selected;
d) the availability of monitored data A MD (expressed as a fraction of the reporting period), as
given by:
(1)

8

Derived parameters

Various derived parameters related to the system's energy balance and performance may be
calculated from the recorded monitoring data using sums, averages, maxima, minima, and
ratios over reporting periods r, which are longer than the recording interval r r , (such as hours,
days, weeks, months or years, but expressed in units of hours). Derived parameters are shown
in table 2.
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To calculate any energy quantities from their corresponding measured power parameters over
the reporting period r, the following equation is used:
(2)
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Table 2 - Derived parameters
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8.2

Electrical energy quantities

Electrical energy quantities can be calculated for the whole system and its components
including energy delivered to or from a storage device or utility grid connection, or delivered
from an auxiliary generator. The key parameters of interest are those which indicate the
contribution of the PV array to the overall operation of the system.
a) The net energy delivered to the storage device in the reporting period r:
(4)

(5)

(6)

(7)

(8)
f)

The total system output energy:
(9)

g) The fraction of the energy from all sources which was contributed by the PV array:
(10)
h) The efficiency with which the energy from all sources is transmitted to the loads:
(11)

8.3

BOS component performance

The BOS efficiency only includes energy conversion efficiency; such things as array tracking
error and PCU maximum power point tracking error are excluded.
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For each component in the system, the energy balance over the reporting period can be
determined by summing the energy quantities into and out of the component. The component
energy efficiency is the quotient of energy output over energy input.
The overall efficiency of the BOS components is given by

8.4

System performance indices

PV systems of different configurations and at different locations can be readily compared by
evaluating their normalised system performance indices such as yields, losses and efficiencies.
Yields are energy quantities normalised to rated array power. System efficiencies are
normalised to array area. Losses are the differences between yields.
NOTE - The performance indices of grid-connected, stand-alone and hybrid systems can differ significantly due to
load matching and other unique operating characteristics.
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a) The array yield YA is the daily array energy output per kW of installed PV array:

(13)

(14)

(15)

8.4.2

Normalized losses

Normalized losses are calculated by subtracting yields. Losses also have units of kWh·d _ 1 kW _ 1
(or h·d _1 ) and indicate the amount of time during which the array would be required to operate
at its rated power PO to provide for the losses.
a) The "array capture" losses LC represents the losses due to array operation:
(16)
b) The BOS losses LBos represents the losses in the BOS components:
(17)
c) The performance ratio Rp indicates the overall effect of losses on the array's rated output
due to array temperature, incomplete utilisation of the irradiation, and system component
inefficiencies or failures:
(18)

8.4.3

System efficiencies

a) The mean array efficiency over the reporting period r is defined by:

(19)
where Aa is the overall array area.
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(20)
8.4.4

Monthly or annual yields, losses and efficiencies

Similar monthly or annual yields Vf, reference yields Vr, losses and efficiencies can be
determined by using the proper array yield and summation periods in equation (14) through
(20). Other monthly or annual performance factors may be included to satisfy the user
requirements.
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Annex A
(informative)
A suggested method of checking the data acquisition system

A data acquisition system excluding sensors can be checked by applying the simulated input
signals specified below, or by other means agreed upon between the manufacturer and the
customer. A check should be made every two years. Sensors should be calibrated individually
in an appropriate manner.
The channels of the data acquisition equipment can be checked separately or at the same
time.

A.1

Types of input signals to be checked

-

irradiance;

-

ambient temperature;

-

voltage, current and power for each component of the PV plant.

A.2

Check of linear response

This check is to be performed on analogue input channels on which a linear scaling operation
is applied. A constant d.c. signal shall be applied to the input terminals. The difference
between the result measured by the data acquisition system and the products of the input
signal value and scaling factor shall be less than ±1 % of the full scale of the data acquisition
system. This procedure should be performed at input signals of 0 %, 20 %, 40 %, 60 %, 80 %,
and 100 % of full scale. If the inputs are specified for bipolar signals, negative signals shall
also be applied in the same way.
If errors greater than 1 % of full scale are detected, then the scale factor should be corrected
by software or hardware and re-verified.

A.3

Check of stability
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A.5

Check of zero value integrals

A.6

Check of integrating interval

Under consideration.
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