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Summary of Topics

This is the First Edition of ANSI/UL 61724-2, an adoption of IEC 61724-2, Technical Specification for
Photovoltaic system performance — Part 2: Capacity evaluation method (First Edition, issued by

the IEC October 2016), with no US National Differences.

The new requirements are substantially in accordance with Proposal(s) on this subject dated July 27,
2018.

All rights feserved. No part of this publication may be reproduced, stored in a_retrieval [system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without pripr permission of UL.

UL providgs this Standard "as is" without warranty of any kind, either expreSsed or implied, irjcluding but
not limited [to, the implied warranties of merchantability or fithess for any purpose.

In no evept will UL be liable for any special, incidental, consequential, indirect or similaf damages,
including loss of profits, lost savings, loss of data, or any othef"damages arising out of the uge of or the
inability to|use this Standard, even if UL or an authorized ‘UL representative has been adyised of the
possibility pf such damage. In no event shall UL's liability for any damage ever exceed the piice paid for
this Standgrd, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless ffom and against any loss, expense; liability, damage, claim, or judgment (including|reasonable
attorney's fees) resulting from any error or_deviation introduced while purchaser is storing an electronic
Standard dn the purchaser's computer system.
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PREFACE

This UL Standard is based on IEC Publication 61724-2: First edition Technical Specification for
Photovoltaic System Performance — Part 2: Capacity Evaluation Method. IEC publication 61724-2 is
copyrighted by the IEC.

These materials are subject to copyright claims of IEC and UL. No part of this publication may be
reproduced in any form, including an electronic retrieval system, without the prior written permission of UL.
All requests pertaining to the UL 61724-2 Standard should be submitted to UL.

Note — Although the intended primary application of this Standard is stated in its Scope it is important to note that it remains the
responsibility jof the users of the Standard to judge its suitability for their particular purpose.
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEM PERFORMANCE - Part 2: Capacity evaluation method

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested in

the subject

alt with may participate in this preparatory work International governmental and non-governmental

organizations

liaising with
Standardizati

2) The forma
opinion on thg

3) IEC Publig
sense. While
responsible fi

4) In order tg

maximum exgent possible in their national and regional publications. Any diyergence between any IEC Publid

correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical con
whatsoever,
reliance upon

8) Attention ig
correct applid

9) Attention is

not be held rgsponsible foridentifying any or all such patent rights.

The main
circumstan

the IEC also participate in this preparation. IEC collaborates closely with the International (@r
bn (ISO) in accordance with conditions determined by agreement between the two organizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an dnhternational
relevant subjects since each technical committee has representation from all interested IEC’National Co

ations have the form of recommendations for international use and are accepted by IEC National Com
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user,

promote international uniformity, IEC National Committees undertake(to“apply IEC Publications trans

h national or regional publication shall be clearly indicated in the |atter.

oes not provide any attestation of conformity. Independent cetrtification bodies provide conformity assess
areas, access to IEC marks of conformity. IEC is not,responsible for any services carried out b
Ddies.

ould ensure that they have the latest edition of this'publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Committees-for any personal injury, property damage or other damage
vhether direct or indirect, or for cests (including legal fees) and expenses arising out of the publicat
| this IEC Publication or any otherlEC Publications.

drawn to the Normative references cited in this publication. Use of the referenced publications is indisp4
ption of this publication:

drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent ri

task~of IEC technical committees is to prepare International Standards. In
cesy a technical committee may propose the publication of a technical specification

panization for

consensus of
mmittees.

mittees in that
annot be held

parently to the
Ation and the

ment services

independent

pembers of its
of any nature
on, use of, or

nsable for the

phts. IEC shall

exceptional
vhen

 the required support cannot be obtained for the publication of an International Standard, despite
repeated efforts, or

* the subject is still under technical development or where, for any other reason, there is the future but no

immediate

possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide whether they can
be transformed into International Standards.

IEC TS 61724-2, which is a technical specification, has been prepared by IEC technical committee 82:
Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft

Report on voting

82/1101/DTS

82/1159/RVC

Full information on the voting for the approval of this technical specification can be found in the report on

voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of dll parts in the IEC 61724 series, published under the general title Photovo/telaic system

performande, can be found on the IEC website.

The commiftee has decided that the contents of this publication will remain unchanged until the stability

date indicated on the IEC website under "http://webstore. iec. ch" in the data|related to t

publication] At this date, the publication will be
« transformed into an International standard,

* reconfirmgd,

e withdrawn,
* replaced by a revised edition, or

*« amended.

A bilingual yersion of this publication may be.ssued at a later date.

he specific
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INTRODUCTION

The performance of a PV system is dependent on the weather, seasonal effects, and other intermittent
issues, so measurement of the performance of a PV system is expected to give variable results. IEC
62446-1, Photovoltaic (PV) systems — Requirements for testing, documentation and maintenance — Part 1
Grid connected — Documentation, commissioning tests and inspection, describes a procedure for ensuring
that the plant is constructed correctly, but does not attempt to verify that the output of the plant meets the
design specifications. IEC 61724-1, Photovoltaic system performance — Part 1. Monitoring’, defines the
performance data that may be collected, but does not define how to analyze that data in comparison to
predicted performance. ASTM E2848-13 Standard test method for reporting photovoltaic non-concentrator
system performance describes a method for determining the power output of a photovoltaic system based

on a regreﬁmwmmauwmmwwau@on method
describes @ one-year test that evaluates performance over the full range of operating conditions and is the

preferred 1
also be qu
document
capacity te
from stand
IEC TS 61

" Under prg

This meth
plant's me
the measy
performan
conditions.

Multiple as

nethod for evaluating system performance. However, it is essential that plant perfo
hntified with a shorter test, even if there can be higher uncertainty associated with th
s designed to complete an evaluation in a short time as a complement to IEC'TS 61
st, it measures power (not energy) at a specified set of reference conditions (whid
ard test conditions that have been designed to facilitate indoor measurements). Th
r24-2 is a non-regression-based method for determining power output.

paration. Stage at time of publication: IEC/FDIS 61724-1:2016!

bd uses the design parameters of the plant to quantify a correction factor for cor
hsured performance to the performance targeted<under reference conditions. In o
red performance, adjusted by the correction factor, is then compared with the

ce to identify whether the plant operates above or below expectations at the targe

pects of PV system quality are dependent on both the weather and the system's qu

have a clear understanding of the system being tested. For example, the module t

mance can
at test. This
724-3. As a
h can differ
e method in

hparing the
ther words,
arget plant
t reference

plity, so it is
emperature

dther effects

affects the

i$ document

outcome of

the test s¢ that users can benefit-from streamlined test design with consistent definitiong, while still
allowing flgxibility in the application of the test so as to accommodate as many unique instpllations as
possible.

It is to be poted that when the output of a PV system exceeds the capability of the inverter, the output of
the system is defined more by the inverter operation than by the PV modules. In thid case, the
measuremgent of the/capacity of the plant to generate electricity is complicated by the need to differentiate
situations [n which the inverter is saturated and when the output of the PV system reflects the module
performancge. For PV plants with high DC to-AC power ratios, the operation of the plant can reflect the
capability only being

measurable for a short time in the morning and in the evening. In this case, it can be necessary to
disconnect parts of the DC array to reduce the DC-to-AC power ratio during the measurement period.

IEC TS 61724-2 is applicable to times when the system is fully available.

Methods presented in this document can be used in place of ASTM E2848-13 to determine photovoltaic

system performance.
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1

PHOTOVOLTAIC SYSTEM PERFORMANCE -
Part 2: Capacity evaluation method

1 Scope

This part of IEC 61724 defines a procedure for measuring and analyzing the power production of a specific

photovoltaic system with the goal of evaluating the quality of the PV system performance.
intended to be applied during a relatively short time period (a few relatively sunny days).

The test is

In this pro
expected f
under refetence and measured conditions are typically derived from the design parameters tha
to derive the performance target for the plant as agreed to prior to the commencement of t
cases whe

transparenicy is presented in the annexes as a possible approach.

The intent
produced
intended for application to grid-connected photovoltaic systems that-include at least one inve
associated hardware.

of this document is to specify a framework procedure for ‘cemparing the meas

The performance of the system is quantified both during.times when the inverters are maxi
point track{ng and during times when the system powepris‘limited by the output capability of th
interconnegtion limit, reducing the system output relative to what it would have been with an i
generation|freely following irradiance, if this conditian is relevant.

This procefdure can be applied to any PV system, including concentrator photovoltaic system
irradiance [direct or global) that is relevant to the performance of the system.

This test procedure was designediand drafted with a primary goal of facilitating the docume
performange target, but it can also be used to verify a model, track performance (e.g., degra

system over the course of multiple years, or to document system quality for any other py

terminology has not been~generalized to apply to all of these situations, but the intent is
methodolopy that can be used whenever the goal is to verify system performance at a specif

condition dhosen to be a frequently observed condition. A more complete evaluation of plant p
can be acgomplished' by using the complementary Technical Specification IEC TS 61724-3 f

system pefformance — Part 3: Energy evaluation method.

cedure, actual photovoltaic system power produced is measured and compared-ig
br the observed weather based on the design parameters of the system. Thé expe

n a power model was not developed during the plant design, a simplé model thg

gainst the expected power from a PV system on relatively. sunny days. This test p

the power
cted power
I were used
he test. For
t increases

Lired power
rocedure is
ter and the

um-power-
inverter or
hverter with

5, using the

htation of a
dation) of a
rpose. The
to create a
c reference
erformance
Photovoltaic

2 Norma

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments)
IEC 61724-1, Photovoltaic system performance — Part 1: Monitoring?

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

applies.

ISO/IEC Guide 98-1, Uncertainty of measurement — Part 1: Introduction to the expression of uncertainty in

measurement
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ASME, Performance Test Code 19.1

2 Under preparation. Stage at time of publication: IEC/FDIS 61724-1:2016.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61724-1, IEC TS 61836, the
ASME Performance Test Code 19.1 and the following and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

* IEC Electropedia: available at http://www.electropedia.org/

* SO Onlin

3.1

e browsing platform: available at http://www.iso.org/obp

constrained operation

operation o
referred to
with high D

3.2
correction

f a plant in a condition when all inverters are limited by the capability of the inverters
As inverter saturation) rather than by the output from the PV array, as is observed fg
C rating relative to the AC rating and when the irradiance is’high

factor

ratio of th¢ power expected for the reference conditions to the power expected for the

conditions

3.3

curtailed operation

output of th
power or cd

3.4
expected [

e inverter(s) is limited due to external reasons such as inability of the local grid to
ntractual agreement

ower

power gengration of a PV.-system that is expected for actual weather data collected at the

operation o

3.5
measured
electric pow

f the system based on the design parameters of the system

power
erthat is generated by the PV system

(otherwise
r a system

measured

receive the

site during

Note 1 to entry: See also 3.14 to define the location of measurement.

3.6
model

simulation model used to calculate the predicted or expected PV power generation based on the design

parameters

3.7

of the system

parties to the test
individuals or companies that are applying the test
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Note 1 to entry: Commonly, these parties may be the PV customer and the PV installer, with the test method applied to define
completion of a contract, but the test method may be applied in a variety of situations and the parties to the test may in some cases
be a single individual or company.

3.8

performance target

power generation expected from a PV system under reference conditions based on the design parameters
of the system

3.9
POA plane of array

h i | I'xna mwhich tha madulac ara danlovaed sccordinato-the-orientation-ofthe-cvustam un r test
physical plare-in-which-the-medules-are-deployed-aceerding-to-the-orientation-of the-system-under tes

3.10
system operation
attributes ¢f the system performance that can be traced to the quality of operations and maintenance
service prdvided

Note 1 to entry: For example, low availability of the system may be a result of slow response to a.disruption.

Note 2 to enfry: If different entities are responsible for the installation and the operations, then it is useful to distinguish between
aspects of thg performance that are traced to the initial installation and those that are traced to the operation.

3.1
system qyality
attributes gf the system performance that can be tracedto-the quality of the system design, the quality of
the system components and the quality of installation

Note 1 to entily: Generally, the installer is held responsible forthe system quality.

3.12
target power
power gengration expected from a P\ system at target reference conditions (TRC) based on the design
parameters of the system

3.13
target refdrence conditions TRC
reference ¢onditions at-which the expected power is the target power, which include irradian¢e, ambient
temperatuie, wind -and any other parameter used to define the target performance

Note 1 to entrly: See 6.1.3.

3.14

test boundary

physical differentiation between what is considered to be part of the system under test and what is outside
of the system

Note 1 to entry: In addition to defining the physical boundaries and which electricity meter is quantifying the electricity production, the
test boundary definition includes the location, type, and accuracy class of all measurement devices.

Note 2 to entry: To facilitate the description of the test method, this document defines a default test boundary. Ambient temperature
and wind speed lie outside of this default test boundary. When this standard is applied using class A (high precision) measurements
as defined in IEC 61724-1, soiling will lie inside of the default test boundary, consistent with the IEC 61724-1 class A requirement that
the sensors be cleaned, quantifying the irradiance without interference from soiling. When this standard is applied using class B
(medium precision) measurements as defined in IEC 61724-1, soiling will lie outside of the default test boundary and it is expected
that sensors will not be cleaned, allowing soiling to be considered as part of the weather. The alignment of the array is brought inside
of the test boundary by confirming the alignment of the plane of array sensor. The parties to the test may define the test boundary
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however they wish; the default test boundary is defined only as a tool to clarify the application of the test method described here and
as an example for how to define the test boundary. However, if the purpose of application of the test is to measure degradation rates

on small syste

3.15
unconstrai

ms, it may be preferable to measure module temperature in consistent locations on the modules.

ned operation

outputs of all inverters freely following the DC array’s capability to respond to the solar insolation rather

than being |

3.16
maximum-

imited by the capability of the inverters or curtailing influences

power-point tracking

4 Testsc

This test m
agree upor
performed
operation.

When PV

orortoT

bpe, schedule and duration

Ay be applied at one of several levels of granularity of a PV plant. The.users of th
the level (s) at which the test will be applied. The smallest level at/which the tg

plant construction is divided into phases, it is recommepded that the test be apg

highest lev

I, that which encompasses the entire PV project. However, the test may be applied

subsets of fhe plant as they become available for interconnection.If desired, upon full plant con
test may be applied again in a way that encompasses the“entire plant, taking into accoun|

degradatio
able to was
be explicitly

Some PV n
field; other
manufactur
plant to rea
dates. Any

in accordance with the model accepted by the parties to the test as well as soiling
h the entire array before testing. In every case, the system boundary and test bou
defined.

nodules show measurable performanée changes within hours or days of being inst
5 do not. The time duration of the test should be negotiated between the parties
pr's guidance for the number, of-days of exposure or the irradiance exposure nee
ch the targeted performaneg along with the details of the actual installation and inter
metastability (variation in module efficiency that depends on previous operating cong

degradation assumptions (including those with short and long time constants) should be agre

parties and

NOTE 1 New|
conversion eff

NOTE 2 The]

documented as part-of the target description.

y installed modules“can undergo light induced degradation (LID), a transient effect that reduces thq
ciency of the.modules when exposed to light.

efficieney~of some modules can vary over a year depending on irradiation and temperature h

e test shall
st may be

is the smallest level of AC power generating assembly capable® of independent on-grid

lied at the
to smaller
pletion the
t expected
evels if not
ndary shall

Alled in the
using the
Hed for the
connection
itions) and
bd to by all

photovoltaic

story due to

metastabilities].

It is recommended that the test include data from at least two days if sufficient stable data are acquired.
The test may be extended to seven or more days if desired to assess repeatability or if weather is volatile.
The filtering criteria for selecting relatively stable times are described in Clause 6.

The test may be completed at any time of year, though the deviation from reference conditions and the
effects of variable angle of incidence may increase the uncertainty at some times of the year.

All parties to the test should agree on a detailed test procedure before the test commences as described in
Clauses 5 and 6.
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5 Equipment and measurements

Measurement equipment and procedures for all measured parameters are recommended to conform to
class A requirements in IEC 61724-1. However, a class B or class C evaluation may also be completed
and documented in the final report.

Using the default test boundary, the weather is characterized by:

* plane of array irradiance (global for flat-plate and direct for concentrator systems; for systems with
multiple orientations, see Annex C);

» ambient temperature;

* wind speg¢d.

If additional characterization of the weather is required for implementation of the agreed-upon model,
these datal shall be collected in a manner consistent with the derivation of the targeted perfoimance and
documentegd in the detailed test procedure.
The system output is characterized by:
* real AC ppwer delivered to the grid or load at the system/testboundary;

* reactive AC power or power factor if real power is dependéent on changes in power factor;

* the inver
constraine

The definit

point of inerconnection) is documented(as part of the "test boundary" definition (3.14). If pa

outside th
adjustmen

All details
follow IEC

er state (whether the inverter is tracking.the maximum power or whether it is op
] mode, limited by its output capacity).

on of the AC power, including the)point of measurement (such as at a utility-grade

a)

e system boundary exista(e. g. trackers), the contract or test definition defin
s are made for these, and/if so, how these adjustments are characterized.

pf data collection((including sensor number, calibration, installation location, and cle
£1724-1 according to the chosen class of measurement with the exception of the foll

» The type
being use

of sensoerand sensor positioning shall be consistent with the power performance ni
for the-test (which may differ from the energy performance model). Temperaty

L

brating in a

eter at the
sitic loads
es whether

aning) shall
pwing.

odel that is
re sensors

should me%sure ambient temperature in order to account for the effects of module mounting. However,
modelling pf'module temperature may vary from day to day due to variation of sky temperature and other
conditions, increasing uncertainty in the measurement, and motivating the use of the module temperature
if it is viewed to provide better reproducibility. If module temperature is to be measured, the location of the
measurement should be agreed upon in advance by the parties of the test.

NOTE Often the final uncertainty of the measurement is dominated by the uncertainty of the irradiance measurement, so high-
accuracy sensors are desired.

* The time record for the visual inspection and cleaning by hand of irradiance sensors during the test shall
be documented.

* Irradiance sensor(s) are mounted in the plane of the array with an alignment accuracy as specified by
class A, B, or C in IEC 61724-1. For the case of arrays with modules that are not all within one plane, see
Annex C.
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* When irradiance sensors are deployed on a tilted plane, the ground albedo for the area near the sensors
should be representative of the ground albedo throughout the array. Any anomalies in ground albedo
should be discussed in the uncertainty analysis of the test.

* For class A tests, because the irradiance measurement is so crucial to the test, the calibrations should be
independently verified either by using sensors calibrated at different test locations or at different times so
as to prevent a systematic bias to the calibration.

+ Data shall be filtered to identify times of stable operation under full sun as described in Clause 6.

« Data are collected both for “unconstrained” and “constrained” operation, if relevant. Any periods affected

by grid outgges or other anomalous states should be removed from the analysis.

6 Procedure

6.1 Documentation of the performance targets under “unconstrained” and™{constrained”
operation

6.1.1 General

The expedted power output and the associated reference conditions shall be defined both for
“unconstrained” operation and for “constrained” operation, if relevant, as described in 6.1.2 to 6.[1.8.

6.1.2 Definition of test boundary to align with intended\system boundary

This test method is intended to quantify the performance of a system, but the result of the test gan depend
on what is gonsidered to be part of the system. The parties to the test shall agree on the defirition of the
system including:

« the meter(s) that defines the output of the system;

« aspects of system design that are\being tested such as whether modules are mounted according to the
design (tilt, pzimuth, height, racking design) allowing the expected cooling and capture of sunlight;

* aspects of system operation that are being tested such as whether the soiling level will be considered as
part of the test.

The test baundary.shall be aligned with the system boundary in order to have the result of the|test reflect
the performance of the system under test.

6.1.3 Defi

nition of the reference conditions for “unconstrained” operation

Target reference conditions (TRC) for unconstrained operation are defined for the performance target (see
6.1.4). TRC should be chosen so as to result in unconstrained operation (i. e. within the inverter’s
capability) and the irradiance condition may differ from 1 000 W/m? if the plant is designed to be
constrained by the inverter’s capability at 1 000 W/m?. Preferably, the TRC are chosen to reflect an
ambient temperature and wind speed that are frequently observed at the site and the highest irradiance
that is unlikely to cause constrained operation (when the inverter has reached the limit of its capability) for
the lowest temperature expected to be included in the test. The optimal choice of TRC may depend on the
weather during the test. However, use of the design parameters for the plant as the basis for the model
should reduce the error of correcting for the variations in conditions, reducing the need to have the TRC
align exactly with the conditions during the measurement. The TRC should be agreed upon by all parties
to the test before commencement of the test.
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The sources of the irradiance, ambient temperature, wind speed, and any other meteorological data shall
be described so that the definition of the TRC will be unambiguous. Data collection requirements defined
in IEC 61724-1 shall be followed according to the desired monitoring class A, B, or C except as noted in
Clause 5. These should be documented as specifically as possible in the detailed test procedure before
the test commences (e.g. sensor type, location, cleaning and calibration, and any additional relevant
information).

6.1.4 Definition of the performance target under “unconstrained” and “constrained” operation

The targeted system output is defined for “unconstrained” operation under the TRC defined in 6.1.3 and a
model that defines how the power varies with irradiance, temperature, and wind using the design
parameters of the plant. The rationale for the performance target shall be agreed to by all-parties of the
test. For dituations when the plant design was developed based on a model for the "engrgy output,
translating[that energy model into a power model or deriving a power model from measured data on a
similar plant can introduce anomalies in the power model. For example, application 6f linear rggression to

subsets of|data during different times of the year may result in variable observed. temperature
In this cage, where a power model was not created during the initial desigh of the sy
recommenped that the rationale be described by using a simple model that'starts with the
rating and [applies loss factors that can be clearly understood such as loss factors for inverte
cabling losises, mismatch losses, etc. and applies a temperature coefficient that can be direct

coefficients.
stem, it is
name plate
r efficiency,
y related to
hportant for
when there
rency of the

ent is completed at a time when the plantimay have become soiled, the soiling loss
as one of the loss factors or the plant.has to be cleaned before the assessment.

may either

nd the test
pns.

If a compl
applied en

bx model is used, the model may be defined as described in IEC TS 61724-3 3
buring that the model is consistently applied for both the target and measured conditi

The perfor
If this valu
straightfory
operate in
operation i

mance target under “constrained” operation is typically defined by the capability of {he inverter.
b is independent of operating conditions, verification of operation in the “constrained” state is
vard and may notbe of concern for the parties of the test. However, if a system is fintended to
the “constrained”state for many hours of the year, it is highly recommended to confirm correct
n the “constrained” state.

6.1.5 Definition of'the temperature dependence of the plant output under “unconstrained”
operation

If a temperature model has been defined for the plant, this should be used preferentially.

If the model uses wind speed as an input, the location (including height) of the wind sensor should be
specified.

If a temperature model has not been defined, a possible model is provided in Annex A. It is preferable to
use a temperature model based on ambient temperature and wind speed rather than measuring the back-
of-module temperature because the assessment then includes some aspects of the module mounting that
could cause the modules to run hot and because it avoids the challenges of characterizing the module
temperature, which may be highly variable across the field. However, although the model in Annex A has
been demonstrated to provide accurate modelling of the average cell temperature, from day to day it may
result in variable accuracy caused by variation in sky temperature or other conditions. The parties to the
test should choose the approach that provides the best result for the given situation. If measuring the
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module temperature rather than the ambient temperature is chosen, then there may be a separate
verification to ensure that the modules are operating at a temperature that is consistent with the plant’s
design specification. Suggestions on how to accurately measure the back-of-module temperature may be
found in Annex B of IEC 61724-1:2016.

In any case, the model shall be agreed to by the parties to the test before the test and documented in the

test report;

IEC TS 61724-3 provides guidance on documenting a complex model.

6.1.6 Definition of irradiance dependence

The planto

the test. Pr|

complex cq

described i

should be Verified to be consistent with the functional range of the model used to determine thg correction
equations. [For example, the plant output may be assumed to be linear with, irradiance ip a limited
irradiance flange, such as +20 %. Any added uncertainty should also be documented. An example of a
simple model is given in Annex B.

6.1.7 Definition of the performance target under “constrained” operation

The performance under “constrained” operation may be equivalentto the AC rating of the inverter adjusted
for any losdes between the inverter and measurement locatiog)fof AC power and is documented as such.
If the performance under “constrained” operation can depend on the ambient temperature or other
condition, this shall be documented as well.

If the perfgrmance under “curtailed” conditions is, controlled by an external party, the ass¢ssment of
performande under such conditions may be excluded from the assessment, with agreemen{ from both
parties to the test.

Measuremgnt under the “constrained” condition may be omitted, at the discretion of those reqliesting the
test.

6.1.8 Ungertainty definition

Test uncertpinty should be computed as described in 6.5. The uncertainty definition and its role|in defining
the pass/fa|l test outcome comparing the targeted and measured power shall be agreed upon.|It is highly
recommended that'this agreement be documented prior to the test.

NOTE Typically, thevincertainty agreed to by the parties typically forms a dead band around any target. This dead bpand is to the
disadvantage the-all parti ild t pt a all as [ i A 95 % confidence interval is a common industry
practice.

Strategies for reducing uncertainty include:

« use of higher quality irradiance sensors and/or use data from multiple sensors for each weather station
deployed, first discarding erroneous data from malfunctioning or shaded sensors, then averaging the
remaining data points for each measurement;

« use of multiple sensors either to add redundancy or to document variability of that parameter;

* paying special attention to possible shading and soiling of irradiance sensors, as well as correct in-plane
adjustment;
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» comparing data to other similar measurements obtained nearby to detect and resolve problems quickly;
on relatively sunny days, data may be compared directly; on cloudy days, comparison of integrated data
may provide better identification of problems depending on the distance between sensors.

6.2 Measurement of data

6.2.1

General

The power output, irradiance, temperature, wind speed, state of cleanliness of both the sensors and PV

systems, a

nd any other data are collected over several days.

6.2.2 Da‘a checks for each data stream

Each data
61724-1. A
Table 1 wi
Depending
the freque
dead valu
documente

stream shall be checked for data out of range or unreasonable trends_.asldescr
recommendation for application of this procedure for this application is_given in m

bed in IEC
bre detail in

h values suggested when the collected data have been averaged ovér 15-min time periods.

on the local conditions, the details of the plant design, the addition of other data s
hcy of data collection, the filtering criteria may be modified, but‘all four types of fil
b, abrupt change/stability and inverter status, as outlined innJable 1) shall be 3
d as part of the final report.

The invertgr's self-reported output power or inverter's self-reparted status flags are used to id

the inverte)
reporting

whether z4
In the first
treated as
If the state
analysis.

I operation is constrained. If the status flags are fot"available, the data may be s
alues near the maximum capability of the inverter. Records are categorized a
ro inverters are constrained, all inverters are Cconstrained, or some, but not all, are ¢
case, data records can be treated as uneofistrained. In the second case, data rec

treams and
ers (range,
pplied and

entify when
creened for
ccording to
onstrained.
brds can be

constrained. In the third case, data records cannot be used for evaluating system pegrformance.

of any inverter changes during the.recording period, that data point shall be exclud

Table 1
Data validation and filtering criteria

ed from the

Suggested criteria for flagging rejected data (15-min datg

)

inverters are
inconsistent (not

Flag type Description Irradiance (W/m?) Ambient Wind speed (m/s) | Power (AC power
temperature (°C) rating)

Range Value outside of <0,5-TRC >500r<-102 >150r<0,5 > 1,02rrating or <

acceptable bounds | irradiance or > -0,014rating
1,2TRC®

Dead value Values stuck at a Derivative < 0,000 < 0,000 1 and > < sensitivity of <0,1 % change in
Single value over Twhile value iIs > 5 | —0,000 1 Sensor Jreadings
time. Detected
using derivative.

Abrupt change and | Values change Assuming 15 min >4 >10 Assuming 15 min

stability unacceptably data derived from data derived from
between data at least 1 min data, at least 1 min data,
points. Detected standard deviation standard deviation
using derivative for | >5 % of average > 5 % of average
temperature and
wind speed.

Inverter status The states of the Not applicable Not applicable Not applicable Not applicable

Table 1 Continued on Next Page
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Table 1 Continued

Suggested criteria for flagging rejected data (15-min data)

Flag typ

Ambient Power

temperature (°C)

e Description Irradiance (W/m?) Wind speed (m/s)

rating)

(AC power

all are constrained
— see text)

NOTE 1 The irradiance filtering may be adjusted to align with the range of linear system performance with irradiance. Flagged
data are considered for exclusion and documented in the test report regarding the rationale for exclusion.

NOTE 2 Potential-induced degradation (PID) effects may start to reduce the power output at low irradiance conditions remarkably,
without a measurable effect at high irradiance. Early detection of evidence of PID is outside the scope of this test.

@ May be adjyisted depending on the season of data acquisition.

® The maximpim irradiance included in the analysis may be adjusted to account for the possibility of cloud edge effécts,
light is scattgred by a nearby cloud and can cause irradiance readings up to approximately 1 500 W/m?. For most'systq
conditions will cause saturation of the inverter, and will typically be excluded from the evaluated data by the,stability filt|

whereby
ms, these

er.

The stabilit
every minu

of the average of the same data points. Applying the stability filter to both:the irradiance and po
recommended.

The numbef of data points identified as meeting the criteria in Tablé 1 will affect the uncertainty
As a guide fo determining an adequate, yet reasonable, numbeér'ef data points, Table 2 may be
larger number of data points during the summer reflects the\ease of collecting more data on |
and is expégcted to result in a higher accuracy measurement, depending on the local weather

that seldo

targeted nu
directly rele
data points
period are

For system

operation may be an insufficient sample size. If the test cannot be completed because of this, @

concern th
results, the
strings will

Example

filter recommended here calculates the average of at least 15 data'pdints (measu
e during 15 min) and confirms that the standard deviation for those,data points is leg

experience clear, sunny days may require’longer data collection times or redug
mber of data points, resulting in higher, test uncertainty. For CPV applications, Ta
vant. For CPV, after filtering for stablg conditions, the data collected should include
(assuming 15 min averages) or at\least 7,5 h of filtered data if averages for a di
sed.

s with high DC-to-AC power ratios, the number of data points acquired for “unc

bt the characterization only during early morning and late afternoon will cause
definition of the System boundary and the TRCs should also direct that a fractior
be temporarily disconnected to reduce the DC-to-AC power ratio.

Table 2
guide-for seasonal minimum stable irradiance requirements for flat-plate appl

ed at least
s than 5 %
wer data is

of the test.
used. The
bnger days
Locations
tion of the

bnstrained”
r if there is
bias in the
of the PV

ications

Seaso

n (northern Dates Minimum POA irradiance

Required number of 15-min

hemisphere)

(W/m?)

average data points

Winter

22/11to 211

450

20

Spring

22/1 to 23/3

550

30

Summer

24/3 10 21/9

650

60

A

utumn

22/9 to 22/11

550

40

The data may also be screened according to normal function of the system. Time periods for which tracker
malfunction or system soiling would affect the results of the test may be omitted or included depending on
the purpose of application of the test. These inclusions or exclusions should be reported as part of the test
report (see Clause 8, item 8)).
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6.2.3 Shading of irradiance sensor

Because of the sensitivity of the test to the irradiance data, special attention shall be given to the
irradiance data. Specifically, irradiance data that may result from accidental shading of a sensor or sensor
malfunction should be removed before taking the average of the data from the remaining sensors. The use
of multiple sensors at each weather station is especially helpful for identifying issues with shading of some
Sensors.

Additionally, if an irradiance sensor is not correctly oriented (e.g. if mounted on a tracker and the tracker
stops), the data from this sensor should be rejected.

6.2.4 Calibration accuracy

All sensorqg shall have accurate calibrations to provide a test result with low uncertainty’ consistent with the
requirements described in IEC 61724-1 for the desired class of measurement.

6.2.5 Using data from multiple sensors
6.2.5.1 General

In the casg¢ where multiple sensors have been used, if data inspéction identifies errors in the|output of a
sensor, that data should be discarded before taking the average of the data pool. This actiop should be
done only yith mutual consent of the parties.

6.2.5.2 Multiple irradiance sensors

The irradignce used as input to the power modelishould be the average of the available megsurements,
except where a measurement is determined ta\be erroneous, in which case the input to the mpdel should
be the avefage of the remaining measurements, as described previously.

6.2.5.3 Multiple ambient temperature sensors

The ambignt temperature used ‘as input to the model should be the average of the available
measurements, except whereya measurement is determined to be erroneous, in which case the input to
the model ghould be the average/median of the remaining measurements.

6.2.5.4 Multiple PVV/module temperature sensors

Any PV module* temperature used as input to the model should be the average of the available
measuremgnts, except where a measurement is determined to be erroneous, in which case the input to
the model should be the average/median of the remaining measurements.

6.2.6 Unconstrained operation and constrained operation when the output limit of the inverter is
reached

As described in 6.1, data shall be flagged depending on whether all inverters were maximumpower-point
tracking or all inverters limited the output because their output capabilities were reached. All other data are
discarded.

If the inverters limit the output in different ways depending on the operating conditions, then the data shall
be binned to identify those that are all under the operating condition of interest.
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6.3 Calculation of correction factor
6.3.1 General

The correction factor is calculated to adjust the measured power to the conditions used for the

performanc

e target. Subclauses 6.3.2 to 6.3.7 provide a step-by-step procedure.

6.3.2 Measure inputs

Measure all variable inputs, including meteorological data and plant-specific parameters necessary to

define the n

neasurement canditions.

6.3.3 Verify data quality

As necessdg
6.3.4 Calg

Input meas
translate th
all points m

Calculate th

where

CF is the cq

Prredtarg is the power predictedat the target conditions;

PPredmeas IS

Both predig
model.

ry, validate the measured variable input data as per 6.2.
tulate the correction factor for each measurement point

Lired meteorological data into the system’s model and calculate the correction factor
e measured data to the temperature, wind and irradiance-conditions specified by t
pasured during “unconstrained” stable operation.

e correction factor for each point using the power.model and Equation (1):

CF = PPredtarg / PPredmeas

rrection factor;

the power predicted at the measured conditions.

ted powers are taken from the model agreed to by the parties. See the annexes for &

needed to
ne TRC for

(1)

n example

6.3.5 Correct measured power output

Correct the measured power by the correction factor for all points measured during “unconstrained” stable
operation as calculated from the power model that describes the plant using Equation (2):

P ../ P....CF

corr meas

()
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6.3.6 Average all values of corrected power

Taking care to consider only the data that were included after data filtering (see 6.2.2 ), average all
corrected power output values taken under “unconstrained” operating conditions, and separately average
all power values measured during constrained operation.

6.3.7 Analyse discrepancies

If an individual averaged corrected power deviates from the average by more than 5 %, then a root cause
diagnosis should be completed for the data point to see if any outlier situation was in effect and not caught
by the data filtering.

If the averaged power values deviate from the performance target values significantly (as, estpblished by
the parties|to the test), then a root cause diagnosis should be completed. The test report shall jgomment on
whether the test should still be considered valid.

6.4 Comparison of measured power with the performance target

The average measured corrected power (see 6.3) and performance target can be compared|either as a
simple diffe¢rence, percent difference, or ratio calculation.

Difference |calculation:

Pcorr AP Target

Percent difference calculation:

[Pcorr - P Target] 100/ P, Target
Ratio (perfprmance index for power):
()
Borr / PTarget
Ratio (units of %):
(6)
(B 100) / Prypges

A similar comparison is made of the average power generated during times of constrained operation
relative to the performance target’s definition of expected generation during times of constrained
operation. If the output capability of the inverter is dependent on the inverter temperature or other factor,
the performance should be evaluated in that context.
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For systems that frequently have constrained operation and when the parties to the test agree to include it,
the test report shall include two test results to reflect both the unconstrained and constrained operation.
The use of these two test results is chosen by the user of the test and should be defined before the
application of the test. If a single number is desired, one approach is to use typical weather data to identify
how much energy is expected to be generated in unconstrained and constrained operation, and then
derive a composite result that applies to these typical energy values to obtain a weighted average of the
two test results.

The comparison of P, and the performance target shall include a consideration of the uncertainties
calculated in 6.5, as guided by the initial agreement.

6.5 Uncertainty analysis
As part of [the performance target or test plan, the agreement shall state how the ‘ncertdinty of the
measuremgnt is considered. Thus, it can be essential to quantify the uncertainty of the measdyirement as
part of detgrmining whether the measured performance meets expectations. Regardless of whether the
uncertainty|is used as part of determining the test result, uncertainty analysis“should be part of the
assessment.

The data afe collected with an accuracy that is consistent with, or betterthan, the descriptions provided in
IEC 617241 for the chosen class of measurement. While the measurement accuracy defines the class of

the measur
fraction of
provides sg

The uncert
model used

ement, the final uncertainty associated with the conglusion of the test will also dep
jata that is discarded and other factors that are not\defined in IEC 61724-1. This
me additional guidance regarding the uncertaintyranalysis.

hinty is determined for P, not for the performance target. Uncertainties associat
for the original prediction are neglected. However, uncertainties associated with the

end on the
subclause

ed with the
measured

weather dafa will introduce uncertainty in P,

ntributions
nty in the
s well as

Both systematic (bias) and random (precision) uncertainties are included in the analysis. The cd
to the ungertainty depend on the model that is used, but generally include uncertai
measuremgnts of the irradiance, temperature, wind speed, and electricity generated
uncertaintigs in corrections of these.

A

g

All measur¢ments and associated uncertainties are tabulated and combined using standard p
of errors as|described in;

ropagation

* ASME PefformanceTest Code 19.1;

+1SO 5725

* ISO/IEC Guide 98-1.

The uncertainties associated with each sensor are taken from the manufacturer’s specification and/or from
the calibration report provided by the calibration laboratory.

The uncertainty analysis should also include systematic errors that may arise from misplacement or
inappropriate installation of the sensors including:

« irradiance sensor placement (tilt, azimuth, and height);

* positioning of temperature sensors relative to power model;
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* positionin

g of wind sensor relative to power model;

» soiling that has not been addressed,;

* spatial variation when a subset of point measurements may not capture the true array bulk values (e.g.
wind speed).

Data acquisition device uncertainties should also be considered.

The uncertainty evaluation should include a review of the range of conditions that were successfully

sampled d
if the meas
DC output

The therm
estimates
data for a
from the a
the final re

The output
irradiance.
performan
result asso

NOTE Nonlin

thin-film metastabilities.

7 Test pr

This docufnent attempts to strike a balance between providing prescriptive and specific g

testing ang
it is necess
the test's g
execution
approve
following s

a) purpose

|ring the test_Ear mmmlnln, bias related ta annr'fmm1 :mgln of incidence etc may he

urement is confined to a short time in the morning and a short time in the afternog
s within the capability of the inverter.

al model described in Annex A and other thermal models are typically, designed

relatively short time period, the temperatures calculated for module temperatures 1
Ctual temperatures. The uncertainty analysis should include an ‘€valuation of the s
5ult to the selected temperature model.

of a system is not always linear. Table 1 defines an irradiance filter that is £20 %
The uncertainty analysis should include documeéntation of the linearity of
be in the +20 % range around the TRC irradiancésand/or should investigate the e
ciated with revising the irradiance filter in Table 1:

par system output may be specific for the technology,er-caused by degradation of the parallel resistance

ocedure documentation

allowing the flexibility needed to accommodate each individual and unique system.

lommencement. This\test procedure includes all specific requirements and agreemé
and data reduction.” All parties to the test shall have a sufficient opportunity to
is test procedure. It is recommended that the test procedure documentation
pctions:

introduced
n when the

to provide

hat correspond to average temperatures over a prolonged period.,BeCause this fest collects

nay deviate
ensitivity of

of the TRC
he system
ffect on the

, or caused by

uidance for
As a result,

ary to define a detailed system-specific test plan for each application of this test method prior to

bnts for test
review and
contain the

b) target va

lues and basis inr‘lnriing definition of intended eyefnm hmmrinry and related test bou

ndary;

c) test schedule;

d) parties to the test and respective roles and responsibilities for details of installation, operation, and data
analysis, including responsibility for:

i) calibrations;

ii) ¢

leaning of sensors;

iii) cleaning of array;

iv) detection of system issues;
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v) resolution of system issues;

vi)d

etermination of constrained operation (if applicable);

vii) analysis of data;

viii) writing/review of final report;

ix) a

ny other relevant roles.

e) plant operating requirements including cleaning, inspection for evidence of wildlife interaction, build-up

of debris, e

C..

f) instrumen

tation;

g) pre-test Wincertainty analysis;

h) detailed
i) criteria fo
j) instrumern

k) historical

Hata treatment and reduction methods;
a successful test;
tation cut-sheets and calibration certificates;

meteorological data as a reference and/or electrenic file.

8 Test report

The final te
following itg

1) descripti
2) descripti

3) descripti
loads and h

st report shall include both the test procedure (either explicitly or by reference) as
ms:

bn of the party doing the test;

bn of the site being tested; including latitude, longitude, and altitude;

ow these are. doeumented by the test;

4) a summ
definition o

5) a summ
for all sen

ry of theyperformance target made for “unconstrained” and “constrained” operation
the TRC and associated power model;

well as the

pn of the system . being tested; specific note should be made of whether there afe parasitic

, including

sensor identification, test laboratory, date of test) and sensor location

sors (
photographs for documenting the sensor location and ground conditions like rough or smooth vegetation
or snow and records of sensor cleaning;

ibration data

, including

6) a summary of the definition of the system output data collected during the test, including records of
completed calibrations;

7) the raw data that were collected during the test, including note of which data met the stability and other

criteria;

8) an explanation of why data that met the filter criteria (if any) were removed;
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