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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEM PERFORMANCE MONITORING —
GUIDELINES FOR MEASUREMENT, DATA EXCHANGE AND ANALYSIS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/the TEC is to promote

entrusted to technical committees; any IEC National Committee interested /i
participate in this preparatory work. International, governmental and non-go
with the IEC also participate in this preparation. The IEC collaborates closely
for Standardization (ISO) in accordance with conditions determin
organizations.

2) The formal decisions or agreements of the IEC on technical ma
international consensus of opinion on the relevant subjects since—each
from all interested National Committees.

3) The documents produced have the form of recommendations for (intérnati

4) In order to promote international unificatjen,
Standards transparently to the maximu
divergence between the IEC Standard and
indicated in the latter.

5) The IEC provides no marking procedure tg indi

6) Attention is drawn to the pos

International a@..
photovoltaic energy’s

The text of this stan e following documents:

Report on voting

\ 82/189/FDIS 82/201/RVD

Full information on.the’voting for approval can be found in the report on voting indicated in the
above table.

Annex A is for information only.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

This standard describes general guidelines for the monitoring and analysis of the electrical
performance of photovoltaic (PV) systems. It does not describe the performance of discrete
components, but concentrates on evaluating the performance of an array as part of a PV
system.

The intent of the data analysis is to provide a performance summary suitable for comparing PV
installations of different sizes, operating in different climates, and providing energy for different
uses, in such a way that the relative merits of different designs or operating procedures
become evident. Simpler methods might be more cost effective for small, solar home or
domestic stand-alone systems.

Guidelines are also included which describe a file format to be use
monitoring data between organizations.

d Yorthe exchange of

The use of a microprocessor-based data acquisition system for ¢

O
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PHOTOVOLTAIC SYSTEM PERFORMANCE MONITORING -
GUIDELINES FOR MEASUREMENT, DATA EXCHANGE AND ANALYSIS

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

cost of the measurement equipment.

2 Normative references

The following normative documents contain proyisj i ’ Y reference in this text,

i a s f publication, the editions
indicated were valid. All normative\ do revision, and parties to
agreements based on this International s gd to investigate the possibility
of applying the most recent editions of ative dacuments indicated below. Members of
IEC and ISO maintain registers of curr \ i

Amendment 1 (1998)

IEC 60904-6:19
Amendment 1 (1

IEC 61194:1992,

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

Parameter Symbol Unit
Meteorology
Total irradiance, in the plane of the array” G, Wiin 2
Ambient air temperature in a radiation shield Tam °C
Wind speed?” Sw mEs™

Photovoltaic array

Output voltage Vy

Output current In A
Output power Py W
Module temperature T °C
Tracker tilt angle %) @ egrees
Tracker azimuth angle ® N /\ degrees
Energy storage3)

Operating voltage Y
Current to storage®”

Current from storage®

Power to storage® kW
Power from storage® kW

Load® A

Load voltage Vv
Load current Q A

Load powere)

T

Utility grid® i N\ ~—7

Utility voltage Q v, v
Current to utility grid Ity A
Current from utility gri ey A
Power to utility grid®" kW

TU
Power from utilm Pey kW
Back-up splrces® N

Output volta Vau \%
Output current sy A
Output power Pgy kw

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.

2) 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.

3) AC and d.c. quantities may be distinguished by the addition of subscripts. In the case of multi-phase systems,
parameters V| , /| and P _shall be specified for each phase.

4) 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.

5) Tracker angles are optional for systems with tracking arrays. For single axis trackers @ 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.

6) A direct measurement of the power output of the inverter portion of the power conditioner may be made if it
improves accuracy.
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Figure 1 — Parameters to be mea

4  Monitoring method
4.1 Measurement of irradiance

Irradiance data are recorded.in the ra fordse in the performance analysis of the
PV system. Horizontal z ecorded to permit comparisons with standard

meteorological data frop

In-plane irradian ame plane as the photovoltaic array by means of
calibrated refere v ) meters. If used, reference cells or modules shall be
calibrated and maintai , with IEC 60904-2 or IEC 60904-6. The location of
these sensors shatlbe ive of the irradiance conditions of the array. The accuracy of

conditions, by eans of temperature sensors located in solar radiation shields. The accuracy
of air temperature ors, including signal conditioning, shall be better than 1 K.

4.3 Measurement of wind speed

Where applicable, wind speed shall be measured at a height and location which are
representative of the array conditions. The accuracy of the wind speed sensors shall be better
than 0,5 m3™" for wind speeds <5 mE~", and better than 10 % of the reading for wind speeds
greater than 5 m3™"

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.
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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 quantitiesl) . The d.c. input power and
voltage on stand-alone inverters may have large amounts of a.c. ripple impressed. It may be

measured using a power sensor which properly accounts for the po
distortion. The accuracy of power sensors, including signal conditioni etter than

used to avoid sampling errors.

4.7 Data acquisition system

An automatic data acquisition system is require ring~The total accuracy of the
monitoring system shall be determined L as given in annex A. The
monitoring system should be based on*commerci ibe ardware and software which is
properly documented with user's manual ould be available.

4.8 Sampling interval

The sampling interval for p ctly with irradiance shall be 1 min or less.

For parameters whic

between 1 min and
be given to an
parameters shall be

ts, an arbitrary interval may be specified
ation for increasing the sampling frequency shall
nge quickly as a function of system load. All
d during the specified monitoring period.

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 t,.

4.10 Recording interval, 7, (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 T,.

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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